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GENERAL PLAN OF THE SERIES. 



The subjects of these ]ManuaIs are for the most part, though not exclusively, 
the same as those of the Syllabus of the Science and Art Department, South 
Kensington, and the treatment will be fotmd to meet the requirements for the 
Examinations held by that Department. 

In their wider scope the Manuals are intended to serve two somewhat 
different purposes : 

1. They are designed, in the first place, for Self-instruction, and will 
present, in a form suitable for private study, the main subjects entering into 
an enlightened education ; so that young persons in earnest about self-culture 
may be able to master them for themselves. 

2. The other purpose of the Manuals is to serve as Text-books in Schools. 
The mode of treatment naturally adopted in what is to be studied without a 
teacher, so far from being a drawback in a school-manual, will, it is believed, be 
a positive advantage. The subject is made, as far as possible, to imfold itself 
gradually, as if the pupil were discovering the principles himself, the chief 
function of the book being, to bring the materials before him, and to guide him 
by the shortest road to the discovery. This is now acknowledged to be the 
only profitable method of acquiring knowledge, whether as regards self- 
instruction or learning at school. 



PREFACE. 



It is now universally admitted that an acquaintance with the 
principal phenomena manifested by living beings, and more especi- 
ally with the structure and mode of action of the different parts 
of the human body, is one of the most important branches of 
knowledge for men and women in all conditions of life. It is, 
therefore, no longer necessary to advocate the study of Physiology 
as a part of general education. In a very few years this subject 
will be efi&ciently taught in every public school throughout the 
country. 

The object of the present text-book is to aid in this work. It 
professes to give such an account of the general mechanism and 
functions of the human body as ought to be known by every 
well-educated person. While aiming at brevity and deamess, the 
author has not attempted to avoid the use of technical terms, 
because such terms frequently express in a word a meaning which 
can only be conveyed in familiar language by circumlocution, and 
with the risk of vagueness. Many of the best of these terms have 
been handed down to us for generations, and they have become 
dear and definite symbols of thought. To attempt to teach a 
science without them, will simply result in giving the pupil vague 
and superficial notions, so that if he should be obliged again to 
study the subject with the view of entering one of the professions 
for which it forms a special branch of training, he will find that the 
work has, in a manner, to be done over again — ^indeed, that he has 
to learn the science anew. Many technical terms, however, have 
been explained, and their derivation given, in the Index. ' 

The following pages may assist the teacher in two vr&y^ i (i j In 
preparing for the examination of the Science and Art Department ; 
and (2) In teaching the subject to the more advanced boys and 
girls in the ordinary classes of the school, by whom it should be 
used as a text-book. The work has been specially planned to 
meet the requirements of the Science and Art Department To aid 
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both in teaching and in learning, it will be observed that the sub- 
ject has been broken up into numerous divisions and subdivisions, 
the headings of which have been so printed in diverse type as to 
catch the eye, and thus impress the memory ; while at the end of 
the volume a number of questions are given, by which progress 
may from time to time be tested. The more abstruse topics have 
been printed in small 'type, so that they may be passed over by 
junior students, and used only by those who are more advanced. 
To assist the teacher also in the elucidation of any special subject, 
a list of works of reference is appended to the Index. 

To teach physiology efficiently, it will be a great assistance to 
the teacher to have the following appliances : 

(i.) A human skeleton^ or the skeleton of any of the higher 
animals, such as a monkey, a dog, a cat, or a rabbit. Any of these 
may be obtained, by applying to any well-known bookseller or 
surgical-instrument maker. 

(2.) A good microscope^ capable of magnifying about 250 dia- 
meters. The one reconmiended by the author is thiat of Hartnack 
of Paris, sold by any instrument-maker at a cost of about £*i. By 
means of this instrument, which ought to be provided by the author- 
ities as part of the educational appliances of every school, a teacher 
might demonstrate most of the simpler tissues and fluids found in 
the body, and he would also be able to interest his pupils by shew- 
ing infusoria, the humbler forms of plant life, &c., many of which 
may be found in the water of every stagnant pool by the road-side. 

(3.) A set of diagrams. These may be made by copying in Indian 
ink on a large scale, on cartridge paper, the wood-cuts in this work. 
To facilitate this method of illustration, a careful description will 
be found appended to each wood-cut. 

(^^) Dissected preparations. These may readily be procured by 
dissecting a rabbit. Skin the front part of the body, and also 
a limb ; clear off the loose tissue covering the muscles of the limb ; 
separate the muscles from each other; expose the chief nerves 
and vessels in the limb ; open the chest and abdomen, so as to 
be able to point . out the appearance and position of the chief 
organs ; and open the head, so as to expose the brain. 

By such objective methods, after a little practice, the work of 
the teacher will become easy, and sound notions of anatomical 
structure and of physiological action will be taught. 

JOHN G. M'KENDRICK. 

Glasgow University, November 20, 2876. 
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ANIMAL PHYSIOLOGY. 



Physiology treats of the functions of living beings. It 
consists of two great divisions, Animal Physiology and Vege- 
table Physiology. As the latter belongs to the province of 
the botanist, we have nothing directly to do with it in this 
work, which will be devoted to a short exposition of the 
chief facts relating to the mechanism of the animal body, 
and more especially to that of the body of man. For the 
sake of convenience, the subject may be divided into 
General and Special Physiology. 



I.-GENEBAL PHYSIOLOGY. 

This includes a description of (i) the anatomy or struc- 
ture of the body, as it is revealed to us by dissection ; (2) 
the chemical elements and compounds of which the body 
is composed ; and (3) a general view of the body during 
that state of activity which we denominate life. 



THE GENERAL ANATOMY OF THE BODY, 

When the body of a man is looked at by the uninitiated, 
it appears to be so complex in structure as almost to baffle 
investigation, but, in the course of ages, men have suc; 
ceeded by dissection in obtaining a tolerably accurate 
knowledge of the parts of which it is composed, so far as 
these can be seen by the naked eye. In more recent 
times, also, the microscope has been used for the examina- 
tion of the minute structure of every organ and tissue ; so 
that, while the department of microscopic anatomy is still 
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far from having been completely worked out, every year is 
adding to our knowledge. In describing the general 
anatomy of the body, therefore, it is convenient to divide it 
into (a) what may be seen with the naked eye ; and (d) 
what can only be recognised with the microscope and with 
the aid of methods of investigation which have been 
invented during the last few years. The first division may 
be termed Systematic or Descriptive Anatomy; and the 
second. Histology (from histosy a web or tissue, and logoSy 
a discourse) or Microscopical Anatomy. 



SYSTEMATIC OR DESCRIPTIVE ANATOMY. 

The body contain^ fluids and solids. The fluids are very 
abundant, existing not only in certain vessels or tubes fitted 
for their reception, but permeating the solid parts. Without 
these fluids the solid parts of the body would die. The solid 
parts consist chiefly of hard resisting parts termed the bones, 
and of softer structures forming muscle or flesh, and the 
various organs of the body, such as the brain, the lungs, or 
the heart. 

THE LOCOMOTIVE APPARATUS. 

This consists of two kinds of organs, the bones and the 
muscles. The boiies, which are hard firm structures, form 
levers joined to each other by firm or movable articulations 
or joints^ which often permit the bones to move on each 
other with great facility. The 7nuscles constitute the chief 
part of what is usually called flesh, and they possess the 
property of contracting or shortening so as to move the 
bones with which they are connected by their extremities. 
The bones may be called the passive, and the muscles the 
active, organs of locomotion. 

THE BONES. 

I. The Skeleton as a whole. — The whole of the 
bones in their natural position form the skeleton^ which may 
be divided into the trunk and the limbs. The trunk con- 
sists of, first, the spine or vertebral column (fig. 1, 17, xg), a 



STRUCTURE OF SKELETON. 9 

flexible stalk fonned of a, number of distinct bones artic- 




Flg. 1.— HuDUni Skeleton liewed in fronl. For dncripUoq lee Kit 

Dialed one below the other; second, the head, iS, coo- 
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taining the brain and organs of sense, and consisting also 
of numerous bones ; and, third, the thorax^ or chest, 22, 22, 
' composed of detached arches called the ribs, and which 
are connected in front, by cartilage or gristle^ with a 
single bone, the sternum^ 21. The thorax contains the 
principal organs of respiration and circulation. 

The limbs, four in number, are termed superior and in- 
ferior. In man the inferior limbs support the trunk, while 
the anterior serve as organs of prehension ; but in the iower 
mammalia, as in the horse or dog, all four support the 
trunk. The superior limbs are divided into the shoulder, 2 ; 
the arm, 3 ; the forearm, 4, s ; and the hand, 13, 14. The 
posterior limbs comprise the haunch or pelvis, 6 ; the thigh, 
7 ; the leg, 8, 9 ; and the foot, 15, z6. In birds, the anterior 
or superior limbs constitute wings, 

2. The Vertebral Column.— This consists of 24 free 
bones called vertebrce^ and of two bones at the lower 
extremity, each composed of several vertebrae, termed the 
sacrum and coccyxy 20. Superiorly, it supports the skuU; 
laterally, it has attached to it the ribs, through which it 
supports the weight of the upper limbs ; and at its lower 
extremity it rests on the bones of the pelvis, 6, which 

transmit the weight of the body to 
the flower limbs. It also affords 
support and protection to the spinal 
marrow by inclosing it in a canal 
of bone. The bones of which 
it is composed are bound to- 
gether by ligafnents or bands, 
and by elastic discs of a fibrous 
and gristly substance called the 
Fig. 2. — Dorsal Vertebra, intervertebral discs. There is thus 
viewed from above: I, body; secured great Strength, combined 

2, pedicels; 3, lamuue; 4, . _ 'K'Tht 

ring ; 5, spinous process ; 6, Wltu tiexiDlIlty. 

transverse process ; 7, articu- 3. GENERAL CHARACTERS OF A 

lar process for next vertebra; VERTEBRA. — Each vertebra has 

c, facet for head of nb ; a, , ^y_ r e 

facet for tubercle of rib. "^ore Or less the form of a nng, 

and presents a body (fig. % i), 
which is placed anteriorly; a ring, 4— containing the spinal 
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XI 



cord and its membranes — ^which is formed by the body, i ; 
the pedicels, s; the laminae, 3; and the 'spinous process, 

5. Attached to the ring we find the transverse processes, 

6, placed one on each side, and the articular processes, 
also one on each side, 7, two superior and two inferior, 
for connection with the adjoining vertebrae. 

4. Characters peculiar to groups of Vertebra. 
—The vertebrae are divided into three groups, cervical^ 
in the neck ; dorsal^ in the back ; and lumbar^ in 
the loins. Of the first there are seven ; of the second, 
twelve ; and of the third, five. The first cervical vertebra, 
which supports the head, is called the atlas (fig. 3), and 





Fig. 8> — First Vertebra or Atlas: 'A, Fig. 4«-'Second Vertebra or Axis: x. 



ring for spinal cord ; B, ring for 
odontoid process of axis ; dotted line 
indicates ligament; i, articulation 
for occipital bone ; 2, transverse pro- 
cess : a^ canal for vertebral artery. 



odontoid process ; 2, articulation for 
atlas ; 3, canal for vertebral artery ; 
4, spinous process ; 5, articulation for 
third cervical vertebra. 



the second, the axis. The atlas has no body, and develop- , 
ment would appear to shew that the process called the 
odontoid process of the axis (fig. 4, i) is in reality the 
body of the adas connected with the body of the axis. 
The general characters of a cervical vertebra are seen in fig. 
6, the two chief points being the bifid spinous process, 3, 
and the canal in the transverse process for the vertebral 
artery, s. The chief character by which a dorsal vertebra 
may be recognised is the presence on the body or trans- 
verse process of an articulating surface for the head or 
angle of the rib (see fig. 2, Cy d). The lumbar vertebrae 
(fig. 6) have their bodies more massive than those of the 
dorsal, and the spinous processes are large, flat, and point 
directly backwards instead of downwards. 
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5. The Sacrum (fig. 1, ^ and fig. 7) is placed below 
the last lumbar vertebra, above the coccyx, and between 








Liillaly. 



co€cyx, at the lower extremity of the vertebral column, con- 
sists of four rudimentary vertebrae, which diminish in siie 
from above downwards. 

The average length of the vertebral column is about 28 
inches, and it presents four curves in its course, the con- 
vexity being forwards in the neck and loins, and backwards 
in the back and pelvis. 

6. The Skull is supported on the vertebral column, and is 
fonned of a number of bones, all of which, with the excep- 



STRUCTURE OF THE SKULL. I3 

tion of the lower jaw, are firmly fixed together by narrow 
surfaces termed sutures. It is divided by anatomists into 
The cranium pro- 
Lose and mouth, and 
> several of the organs of sense. 7"he cranium 
(fig. 8) is composed of eight bones — namely, the occipital, 
3 ; the two parietal, a ; the frontal, ■ ; the two temporal, 
4 ; the sphenoid, s ; and the ethmoid. The sphenoid forms 
part of the base of the skull (a little in front of s, fig. 9), 
and the ethmoid is found immediately above and behind 7 
in fig. 8, between the orbital plates of the frontal bone, and 
enters into the formation of the orbits and the nasal cavities. 
1\i&face is composed of fourteen bones, of which twelve are 
inpairs, the two superior -- =5^ 

maxillary (fig. 8, s, and '^ ^it^»> 

fig. 9, 1, 0, the malar (fig. 
8, «), the nasal (fig. 8, 7), 
the palate (fig. 9, a, -,), 
the hchrymal (a little to 
the left of 7 in the orbit) 
(fig- 8), and the inferior 
turbinated in the nose ; 
and two single, namely, 
the vomer, a bone form- 
ing a partition between I 
the two nostrils (fig. 9, 
3), and the inferior max- 
niary (fig. 8, a). 

7, The Cranial 
Cavitv is seen on saw- 
ing off the roof of the 
skulL The walls consist 
of two layers of compact p^ 
tissue, the outer and iUi 
inner tables, and between 'P 
these a cellular structure j^^ 
known as the dipioe. The poi^^ 7i 
upper part of the cranial 
cavity forms an arch, and the lower is divided it 
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having different levels, called the anterior, the middle, and 
the posterior fossie, in which the anterior and middle lobes 
of the cerebrum and the cerebellum rest. The base is per- 
forated by numerous openings for the passage of nerves and 
blood-vessels. The most notable of these openings is the 
foramen magnum (fig. 9t ^)i for the passage of the spinal 
marrow and of certain blood-vessels, 

8. Varieties of Skulls,— The different races of mankind 
present certain well-marked and cbaiacteristic pecoliarities in the 
foim of the skull. There are three typical forms — the prognathoia 
(pre, forwards, and gnathtu, a jaw), when the upper jaw slopes 
forwards, and the insertion of the teeth, instead of being perpen- 
dicular, is obUque (fig. 10), as seen in the negro of the Guinea 




coast and the native Australian ; the pyramidal — sometimes termed 
orlhognalhaus (orthos, straight) (fig. 11), cfiaracterised by the 
breadth and fiatness of the &ce, wliich, with the narrowness of 
the foiehead, gives a pyramidal form to the skull, as seen in the 
Esquimaux ; and the oval or elliptical type (also orthi^nathous), pre- 
sented by the natives of Western or Southern Europe (fig. 8). The 
length of the skull, which, to a certain degree, corresponds to the 
development of the lobes of the brain, lias been taken as a basis 
of classification. Thus all mankind may be divided into two great 
classes — the Dolicocephala, or long-heads, and the Braehyetphala, or 
short -heads. The latter, as a rul;, possess greater cerebral develop- 
ment than the former. Each of these classes contains both prog- 
nathous and orthognathous skulls. 
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9, The Thorax, or cheat, consists of the dorsal vertebrae, 
the stermun or breast-boae (fig. 12^ the riis, and the c 
tiiages connecting these with 
the sternum, known as the 
costal cartilages. The sternuni, 
C, is situated in the median (J 
line at the fore-part of the 'ii 
thorax, and is connected with 
the rest of the trunk bjr the 
costal cartilages of the seven 
highest pairs of ribs. The 
ribs are twelve in number on 
each side. They are long 
slender curved bones which 
extend forwards from the Spine, 
some of them joining the breast- 
bone or sternum. The seven 
upper ribs, which join the ster- 
num by cartilages, are termed Fifi. 13.— Aotero-laieral View ot 
the 'true' ribs; while the lower ?™- a. a. v«ttb™; B.ribs; 

J. .. . ^ ... C. sternum ; D, cartiueu of nu : 

five, which do not join the e, davide ; F, scipula. 

Sternum, are termed the 'false' 

libs (see fig. 1, ii)> Each rib has a double attachment 
to the backbone posteriorly; by its head, which unites 
with the body of the vertebras (fig. % c), and by a rounded 
prominence, called the tubercle, with the transverse pro- 
cess of the vertebra (fig. 2, d). The costal cartilages 
are continuations of the ribs. They give elasticity to the 
framework of the thorax. In advanced life they become 
impregnated with earthy matter, partially lose their 
elasticity, and thus diminish the force and depth of 
respiration. 

10. THE BOKBS OF THE UPPER EXTREMITY.— The 

upper extremity consists of the shoulder, the arm, the fore- 
arm, and the hand. The bones of the shoulder are the 
scapula (fig, 1, i), and clavicle or collar-bone [fig. 12, E) ; in 
the arm, is the humerus (fig. 1, 3) ; in the fore-arm, are the 
radius, 4, and ulna, s ; and in the hand, three groups of 
bones— the carpus, 13, metacarpus, 14, and digital phal- 
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anges. The scapula (fig. 13)> placed on the upper and ' 
back part of the thorax, is attached directly to the trunk 
only by the clavicle, and from it the humerus is suspended. 
The clavicle^ or collar-bone, is a long cylindrical bone 
placed on each side of the neck, and connecting the sternum 
with a (fig. 13), the acromion process of the scapula. The 





Fig. 13.— Back of Right Scapula :; i, 

coracoid, and 2, acromion process; Fig. l^ — Front View of Right Hum- 

3, glenoid cavity for articulation ems : z, shaft ; 2, head ; 3, bicipital 

with head of humerus ; 4, spine ; 5, groove ; 4, external, and 5, internal 

body ; 6, posterior, 7, superior, and 8, tuberosity ; 6, surface for ulna ; ^, 

anterior borders. sturface for radius. 

humerus (fig. 14) is an imperfectly cylindrical bone, extend- 
ing from the shoulder to the elbow-joint. In the figure it is 
seen as it is placed when the arm is dependent, and the 
palm turned forwards. It consists of a head, 2, which 
articulates with the scapula at 3 (fig* IS), of a shaft, z, and 
of a lower end, 7, 6, which supports the radius and ulna. 
The two bones of the fore-arm are seen in fig. 15. They 
consist of the radius^ A, which is the external of the two 
bones of the fore-arm, and the ulna^ B, which is the intemaL 
The radius articulates above with the humerus, and below 
with two of the bones of the carpus, or wrist. The ulna 
articulates with the humerus and the radius, but is not 
directly connected with the carpal bones, a thin, fibro- 
cartilaginous disc being interposed between its lower end 
and the cuneiform bone (fig. 16, c),- When the arm and 
hand hang downwards, the palm being directed forwards, 
the position is called supination; but when in the same 
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position the back of the hand is directed forwards, 
the position is called pronation. These movements are 
effected by the rotation of the radius on the lower end of 
the humerus. The carpus, or wrist, consists of eight short 
bones, arranged in two rows. Enumerated from the radial 
or thumb side, they are (fig. IS), in the hrst row, the 



F^. IB.— ProDt Siien of Right Radius 
(A| and Rfghl UlDa(B): A— t, shafl; 
^ Auad head ; 3, ardculaLLaa with 
ufna; 4, aiticulatiDD wilh scaphoid 




scaphoid, sc ; the semilunar, / ; the cuneiform, c ; and 
pisiform, p ; and in the second row, in the same order, the 
trapezium, t ; the trapezoid, /j ; the os magnum, m ; and 
the unciform, u. The metacarpus, forming the palm, con- 
sists of five shafted bones which support the fingers, m^, 
wij, »ij, OT,, and m^ The digital phalanges are fourteen in 
number, three for each finger, except the thumb, which has 
only two. In each instance, the proximal phalanx, p^, is 
longer than the second, /j, and the second longer than the 
third, j>3. 

II. The Bones of the Lower Extremity, — The lower 
limb is divided into the haunch or hip, the thigh, the leg, and 
the foot. The haunch-bone on each side, with the sacrum 
wedged in between, and bearing the coccyx at its lower 
extremity, fonns the pelvis, which transmits the weight of 
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the body lo tbe lower limb. It is usually called the imutm- 
ina(e'iMne,ot OS coxa {&%. 17). The /^AflCi, or basin (fig. 18), 
contains tlie urinary and generative oi^ans and the lower end 
of the alimentary canaL Its upper o[>enmg is termed the 
inlet, and its lower the outlet tA the pelvis In the erect 







position {fcg. 1), the pelvis is so inclined that the plane of 
the brim fonns an angle Of from 60° to 65° with the horizon- 
tal. The line of pressure of the weight of the body on the 
sacrum is downwards and forwards towards the junction of 
the two innominate bones termed the symphysis pubb (fif. 
18, 9), and the pressure is communicated to the heads of 
the thigh-bones, which are lodged in deep depressions 
termed the acetabula (fig. 17, e ; fig. 18, 7 ; and fig. 1). The 
form and size of the pelvis differ in the two seites, as it is 
broader, more expanded, and shallower in the female than 
in the male. 

The femur, or thigh-bone (fig. 19), the largest bone of 
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the skeleton, articulates, s, above with the acetabulum of 
the OS innominatum (fig. 18, ?> 8). In the erect 
position it inclines inwards and slightly back- 
wards, and it is divisible into a shaft, having 
at one end a head, 2, attached to it by a neck, 
3, and bearing two rough prominences for the 
attachment of muscles, called respectively the 
great, 4, and the small, 5, trochanters; and at the 
other, or inferior extremity, a broad, irregularly 
shaped surface called the external, 6, and in- 
ternal, 7, condyles^ for articulation with the 
tibia. In the female, from the greater breadth 
of the pelvis, the thigh-bones converge more 
towards their lower extremity than in the 

male. ^ Fig. 19.-Front 

View 01 tnc 

The patella or knee-pan (fig. 1, xo) is situated Right Femur: 
in front of the knee-joint, and may be regarded x» shaft ; ^ 
as a mass of bone developed in the tendon or 5>«ad;3,neck; 
sinew belonging to the great muscle in front of *| ^^r*troch- 
the thigh by which the leg is extended on the anters ; 6, ex- 
thigh, ternal, and 7, 

rr\t 1 ^11 • « I internal tuber- 

The bones of the leg are two in number, the ^^^ . g ^^ 
inner termed the ttdia or shin-bone (fig. 1, 8, and ticuiation for 
fig. 20, A), and the outer, the ^dula, or clasp- *^^^ ^^ t^' 
bone (fig. 20, B). The tibia alone conk- 
municates the weight of the trunk to the foot. It articulates 
inferiorly with one of the bones of the ankle termed the 
astragalus (fig. 21, z). The fibula is much more slender 
than the tibia. 

The foot is divided into the tarsus, the metatarsus^ and 
\h& phalanges. The tarsus consists of seven bones — ^namely 
(fig. 21), the OS calcis, or heel-bone, 3; the astragalus, 
which receives the weight of the body from the leg, i ; the 
cuboid, so named from its shape, on the outer side of the 
foot, 8 ; the scaphoid or navicular bone, .4, and the 
three cuneiform or wedge-shaped bones intervening between 
the scaphoid and the metatarsals, 5» 6, 7 ; the metatarsal 
bones, 9, are Hvq in number, and they bear the phalanges 
ti the toes, zo, n, 12, 13, Z4. 
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The foot as a vbole is admirably adapted for receiving 
the weight of the body, and for affording stability. It is 
arched from behind forwards, the posterior support of the 
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itagiilui. its upper articular surface ; a, its 


FlbqU : A-T, shaft ; 






4, Ihe saphiHd boDC ; 3. the ot calcii^ oi 




heel-bone ; 4, tie scaphoid bon= ; 5, the in- 


with asbagiiut B— 4, 


leznal cuneifonn bone ; 6, the middle cunei- 


•luft;s,h«d;6,l<.w« 




ad. Observe rotk- 




tfmped cavity >t lower 


of the bit and second toei ; lo, Ti, the £rst 




and second phalanges of the gnat toe ; la, 




.3, .4, the lint, second, and third phalanges 



of the second toe. 

arch being formed by the heel, and the anterior by the balls 
of the toes — indeed, the arch may be regarded as having a 
single pier behind and a double in fronL 

iz. Adaptation of the Skeleton of Man to the 
ERECT position. — The skull of man is nearly balanced on 
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the vertebral column, whereas in the lower animals it is sus- 
pended, as it were, from the extremity of the column, and 
is sustained by an elastic ligament (Jtgamentum nuchcB\ 
which runs from the spinous processes of the vertebrae to a 
protuberance on the occipital bone. The body is balanced 
on one or both of the lower limbs, which can be extended in 
a straight line at the knee-joint. The foot of man alone 
possesses an arched instep, and the great toe is not intended 
for grasping, as in the monkeys, but for supporting weight 
and giving elasticity to the step. The great length of the 
femur enables the body to be balanced as in crouching, and 
the great breadth of the pelvis enables the equilibrium to 
be maintained even during considerable lateral movements. 
The spinal column, by becoming broader inferiorly, is fitted 
to sustain weight, and by means of its curvatures elasticity 
and strength are secured, while a wide range of movement 
is permitted. In man, the articular facet on the scapula for 
the head of the humerus looks outwards, so as to allow a free 
play of the upper extremity at the shoulder-joint. Mobility, 
lightness, and delicacy of movement are permitted by the 
structure of the upper limb, as contrasted with strength and 
firmness in the lower, as may be seen on comparing the 
shoulder, elbow, and wrist, with the hip, knee, and ankle. 

THE JOINTS. 

13. General Description. — A joint is the union of any two 
s^ments of the skeleton through the intervention of a structure 
or structures of a different nature. Bone forms the fundamental 
part of all joints ; strong bands or ligaments hold the bones firmly 
tc^ether ; and in joints in which there is free motion, we find the 
ends of the bones covered by cartilage or gristle, and the joint lined 
by a smooth membrane termed a synovial membrane. By anato- 
mists, joints are divided into three classes — synarthrosis^ where the 
parts are continuous and there is no synovial membrane between 
the bones, as seen in the construction of the skull ; amphiartkrosis^ 
where there is an intervening substance between the bones in the 
form of a disk or cushion of fibro-cartilaginous substance, allowing a 
certain degree of mobility, as in the articulations between the bodies 
of the vertebrae ; and diarthrosis, where we find a complete joint 
having the ends of the bone covered with cartilage, the sar£a,ce of 
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wUcIi is lubricated by the synovial flnid Kcieted from the ddicate 
synovial membrane which lines the fibrous coverings and all parts 
of the articulating cavity except the cartilage. In diaithrosis the 
d^ree and nature of the movement are very various, but four 
varieties may be noted : (t) Shifto^ jeitUi, where there is meiely 
a ghding motion between the ends of the bones, as seen in the 
articulations between the bones of the carpus or tarsus. In these 
cases, the soriaces are plane, or one is slightly concave while the 
other is slightly convex ; and the motion is limited in extent and 
direction by the ligaments of the joint, or by some projecting pomt 
of one of the bones, (z) BiUl and socta joints, where one bone 
presents a cnp-Iike depression, while the termination of the other 
assumes a bemisplierical or more or less globular shape, as in the 
hip-joint In such a joint, the ball is kept in apposition with the 
socket by means of what is termed a capsular ligament (lig. 22, 14, 
'«]), which is an esqansion of ligamentous structure, attached by its 
extremities aronnd the margins 
of the articular surfaces com- 
posing the joint, and forming 
a complete investment of it, 
but not so tight as to restrict 

22 shews the hip-joint, where 
in addition we find a strong 
round fibroos cord termed the 
ind ligamenl, n, passing 
>m a depression in the head of 
the femur to the margin of the 
acctabulmn or articular cavity 
on the or innvmina/utn, u. 
In such a joint the pressure of 
the air on the external surface 
assists in maintaining apposition, for when a hole is bored tbrou^ 
the floor of the acetabulum so as to admit air into its cavity, the 
head of the tliigh-bone at once falls away as far as the ligaments 
will allow IL (3) Hmge joinis, in which the contiguons snrfeces 
are marked by elevations and depressions, which exactly fit into 
eadi other, so as to restrict motion to one direction. The elbow 
and anltle joints are the best examples of this variety. The 
knee-joint is not a pure hinge joint, because it admits of a cratain 
amount of rotation, when the It^ is slightly bent at the knee. (4) 
Retatery jeinis, which admit only of rotatory motion. A pivot 
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and ling are the essential parts of Ibis joiot, the ring being geno^y 
composed partlj' of bone and partly of ligament. The best example 
of this aiticiilation is that between the atlas (lig. 3, B) and the odon- 
toid or tooth-like process of the axis (fig. i, i). 



14. The active agents in locomotion are the muscles, 
which constitute the greater 
part of what f/e term flesh. 
On dissecting off the skin from 
one of the extremities, say the 
arm, we find underneath it a 
strong fibrous covering termed 
tix/asda, which sends sheaths 
between the muscles, so that 
each muscle is completely sur- 
rounded by it The fascia is 
usually divided into superficial 
and dtep, the first being a. layer 
of loose tissue placed imme- 
diately below the skin all over 
the body, and the latter is that 
stronger layer of iibrous tissue 
which lies close to the muscles, 
and invests them in the manner 
already indicated. On carefully 
removing the fascia, the muscles 
may be displayed, as seen in fig. 
33, which represents the muscles 
of the human arm. If we ex- 
amine a single muscle, as the 

biceps, 0, it is found to be con- *%■ .33.-Human Arm : afc, dd- 

nected with the bones at its two ^J^Ti-' '/'tri "T'Tt't^ 

extremities, and to present a tuson of imsi and Iook m^- 

fleshy mass between the two a"" o* '■« 1"°^ ; *™. fl«or of 

atuchments, which are more ^'^ {^^"^ 7^,'°" f"^ 

tendinous or sinewy in char- !,and,orpaiinaruio'n6ii!; Aiai- 

acter. Each muscle may be maris imvii: ?, palmar r»sd»; 

regarded as an organ having "' '"™i'^ 
a special function to perform. When irritated during hfe, 
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it possesses the property of contracting or shortening itself^ 
and consequently of bringing its two attachments nearer to 
each other. If there be a joint between the two attachments, 
the bones of this joint are moved upon each other in a 
definite direction, and thus locomotion is effected. 

Space will not permit a detailed description of the various 
muscles found in the body, but they may be conveniently classi- 
fied according to their mechanical action as follows : Flexors^ 
or those which bend the limbs, such as the biceps (fig. 2% <7) ; 
extensors^ which straighten the limbs, such as the triceps, the fleshy 
mass on the back of the upper arm; abductors, and adductors, 

which produce angular movement to 

and from the median plane of the body, 

such as the muscles which enable us to 

move the thigh outwards and inwards 

from the hip ; and rotators, which effect 

movement of a bone round its axis 

without any great change of situation. 

bISHEmCT As an example of rotation, take 

those of pronation and supination al-^ 

ready referred to (p. i6). In pronation. 

{prontiSy with the face downwards), we 

turn the palm of the hand downwards^ 

as in picking up any substance from the 

table ; in supination {supinus, with the 

r— i-i-d-.;= „„. ,_ f^c^ upwards), we turn the palm up- 

fa^' *\i\ wards, as for the purpose of receiving 

" \ anything that may be placed in it. 

These movements are effected by cer- 

9 ^ tain muscles causing the radius, which 

Fig. 24.— I, The Upper Limb; bears the hand, to rotate roimd a longi- 

with the forearm and hand tudinal axis (see fig. 24). One of the 

in the state of supinati^: t^ree muscles (fig. 24, A) passes from 

A, pronator muscle, 2, The . . ** , . . , ^ 
same in a state of pronation : ^ projectmg process on the mner side of 

B, the supinator muscle. In the humerus, at its lower end, to the 
both figures, a plumb-line outer edge of the middle of the radius, 
from the outer condyle of the when it contracts, the radius rotates 
humerus is found to traverse j n • /■ . r ^i_ t / . 
the lower end of the uhia and ^^ ^^^^ °^^^ ^^ ^"^^^^ ^^ ^^ ^^^^ ^^ "^ 
the ring-finger. ^Z- 24, 2), and it is called a pronator 

muscle. A second muscle (fig. 24, B) 
passes from a projecting process on the outer side of the humerus 
to the inner side of the radius near its upper part. It runs 
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therefore in an opposite direction to the former muscle, and 
produces an opposite effect, rolling the radius^ and hand back into 
the position of supination. Hence it is called a supinator. The 
third muscle, the biceps (fig. 23, ^), not only bends the elbow, but 
irom the mode in which its tendon is inserted, it also rotates the 
radius so as to supinate the hand, as when we turn a screw, or 
draw a cork. Supination can only be performed to its full extent 
by man ; monkeys can partially effect the movement, and in most 
of the lower animals the part corresponding anatomically to the 
hand is constantly in a state of pronation. Sometimes the com- 
bined action of various groups of muscles may take place, as when 
we swing the arm round and round in the shoulder-joint. This is 
termed circumduction^ when the limb is made to describe a cone by 
rotation round an imaginary axis, the apex of the cone being in 
the joint. 

ANIMAL MECHANICS. 

15. Having described generally the bones, joints, and 
muscles, we now proceed to discuss briefly the mechanical 
arrangements met with in the body, or the physiology of 
movement 

Hecbanical Arrangements of Muscles. 

16. The great majority of the muscles of the body are 
attached to levers formed by the bones. Here the movable 
bone represents a lever of which ih^ fulcrum is the articula- 
tion with the fixed bone, the power is employed at the 
point of insertion of the contracting muscle, and the resist^ 
ance may be of various kinds according to the obstacles 
which tend to prevent displacement of the movable bone. 
In the body we find examples of levers of the first, of the 
second, and of the third order. 

17. Levers of the first order, — Here we find the fulcrum 
between the power and the resistance. As an example, take 
the balancing of the head on the vertebral column : the 
fulcrum is the articulation between the occipital bone and 
the atlas ; the resistance is the weight of that part of the 
head and face in front of the articulation, and the power 
is behind at the point of insertion of the muscles of the 
neck. The construction of the vertebral column, the bal- 
ancing of the trunk on the pelvis, and of the leg on the 
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foot, represent levers of the same kind. Usually, in man, 
this kind of lever is for the purpose of stabiliiy^ but we find 
it also in certain movements. For example, in extending 
the fore-arm upon the arm — ^the fulcrum is the dbow-joint, 
the power applied behind the articulation is the insertion of 
the triceps, and the resistance is the weight of the fore-arm 
in front of the articulation. 

1 8. Levers of the second order, — Here the resistance 
is between the power and the fulcrum. In this lever the 
power-arm* is always longer than the resistance-arm. As 
the forces are inversely proportional to the length of the 
arms of the lever, a comparatively weak force will overcome 
considerable resistance, and consequently this lever is 
advantageous as regards expenditure of force. But it is 
disadvantageous as regards rapidity of movement, for the 
displacements of the two points of application are pro- 
portional to the lengths of the arms of the lever. For 
example, if the length of the power-arm = lo, and that of 
the resistance-arm = i, a force of one pound would move 
a resistance of ten pounds, but the point of application 
of the power would be displaced ten feet, while that of 
the resistance woidd be displaced only one foot This 
lever may be termed the lever of power. It is not common 
in the body. As an example, take the action of standing 
on tiptoe. Here the fulcrum is the contact of the toes 
with the ground; the power is at the insertion of the 
tendo Achillis, the strong ligament fixed into the os calcis^ 
or heel-bone ; and the resistance is the weight of the body 
transmitted to the articulation between the tibia and 
astragalus. 

19. Levers of the third order. — ^The power is between 
the resistance and the fulcrum. In this lever, the resist- 
ance-arm is always longer than the power-arm, and 
while it is advantageous as regards swiftness, it is dis- 
advantageous as regards expenditure of force. It may be 
termed Uie lever of rapidity. It is the one common in the 

* The term arms of the lever is tlie distance whidi separates the fulcrum 
from the point of application of the power or of the resistance. The one may 
be called ikut pavter-arm and the other the resistoMce-arm, 
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movements of man. For instance, in the flexion of the 
fore-arm upon the arm — the fulcrum is the articulation at 
the elbow ; the x>ower is at the insertion of the flexors 
(brachiaiis anticus, and biceps)^ and the resistance is the 
weight of the fore-arm. The power is usually applied in the 
body near the fulcrum, and the power-arm is thus much 
shorter than the resistance-arm, and hence only small 
weights can be moved, but with great speed. Thus the 
various movements of the body are rapidly performed, and 
the clumsy form of the limb which would have resulted 
had the power been applied near the resistance is obviated. 

20. Simple movements such as are above described rarely 
take place. Usually the movements which one bone makes 
on another are not effected by one muscle, but by several, 
which may be regarded as associated together for that 
movement Thus, in moving the arm, say from pronation to 
supination with a slight degree of flexion or extension, many 
muscles act 

OoBditloiiB of BquUflnliiiii in tlie Body. 

21. Posture, — In the natural erect posture^ the human body 
becomes a rigid pillar without almost any mnscolar effort — ^the con- 
ditions being that the centre of gravity is supported by the base or 
sur&ce between the points of contact of the soles of the feet with 
the floor. The centre of gravity of the head is in fix>nt of its point 
of support on the atlas, but the arrangements are such as to seouv 
equilibrium chiefly by the action of the ligaments which bind the 
occipital bone to the atlas and axis. When the slight muscular 
effort required is withdrawn, as during sleep, the head droops for- 
wards, and the chin rests on the chest According to Weber, the 
centre of gravity of the trunk is situated in front of the tenth dorsal 
vertebra, and a pltunb-line dropped from it passes behind a line 
connecting the two hip-joints, so that the trunk would tend to fall 
backwards were it not attached anteriorly by a firm ligament to 
the femur. The centre of gravity of the whole body lies imme- 
diately in front of the prominence of the sacrum (fig. 1), and a line 
suspended from it would pass a little in front of a line connecting 
the ^es of both ankle-joints, so that the body has a tendency to 
fall forwards. This is prevented partly by die wedging of the 
astragali into the fork-like cavities formed by the lower ends of the 
tibia and fibula (% 20), and partly by the action of the muscles 
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fonning the calf of the leg. As already pointed ont (p. ao), the 
weight of the body falls upon an arch fonned by the bones of the 
foot. In sitting, the trunk rests on the tuitr ischii (see fig. 18), 
and tends to swing forwards and backwards on these. Thos there 
is an anterior and a poslerior sitting posture. 

22. Locomation. — In walking the pelvis is alternately supported 
by one of two 1<^ Starting, for example, with the right leg, the 




Fig. 36.— Conicnu of the Cheat wd Abdomen: O, dbiphngm i Cbeuti A,B, 
lung! : N, windpipe ; P, liver ; K, sfieta ; S, Momach ; W, W, small intei- 
tinejT.U.V, large intestine. 

body is inclined forwards, the right foot raised, the right 1^ ad- 
vanced, and the foot put on the ground. Then the left heel is 
raised, but the toes of the left foot have not quilted the ground when 
the right foot has reached il, so that both feet are never off the 
ground at the same moment The action of the muscles of the left 
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leg moves the body forwards, upwards, and to the right side. "When 
the left foot has left the ground, the body is supported on the right 
leg, and the left leg swings forward like a pendulum to a position 
in advance of the right foot, constituting the second step. Rapidity 
of walking depends on the length of the step and the duration of the 
step, or the pendulum oscillation of the leg. The pendulum oscil- 
lation is the quicker the shorter the leg, hence the step of short- 
legged persons is quicker than that of long-legged ones. In running, 
the action is more like that of a series of jumps — that is to say, there 
are intervals in the step during which both feet are off the ground 
at once. At the commencement of the step in running, the active leg 
is strongly flexed, and then it is extended with a kind of sudden jerk. 



THE INTERNAL ORGANS. 

It will be most convenient to describe the general posi- 
tion, form, and size of these in connection with the physi- 
ology of each organ. They may be readily studied by the 
dissection of any common animal, such as a rabbit, or with 
the aid of models or plates, and their general position in the 
thorax and abdomen of the human body is seen in fig. 25. 
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23. The ultimate elements of the tissues, in which delicate 
physiological processes occur, are of such small size that 
they can only be studied successfully with the aid of a good 
microscope, capable of magnifying from 20 to 350 diameters 
linear. They have been variously classified, but for conve- 
nience of description, we will group them under four heads 
— the molecular, the cellular, the fibrous, and the tubular 
elements of the tissues. 

MOLECULAR ELEMENTS. 

24. General Description, — When we examine under the 
microscope almost any of the fluids of the body, or a portion 
of any tissue teased out with needles in water, numerous 
minute particles are seen, varying in size from the 10 0^0 00 th 
to the rtfWth of, an inch in diameter. These are molecules. 
Many undoubtedly result from the disintegration of larger 
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bodies. Such molecules are tenned hisiolyticy or molecules 
of disintegration. Others may be formed by a process some- 
what comparable to precipitation in chemistry, as when a 
thin layer of oil is allowed to come into contact with a little 
pure albumen, such as white of eg% ; such molecules may 
be termed histogenetic or molecules of formation. 

That molecules may combine mider certain conditions to form 
larger bodies, and that thus a kind of structure may be formed, has 
been proved by Mr Rainey of St Thomas's Hospital, London, who 
found that, when carbonate of lime is allowed to separate from an 
aqueous solution, it assumes crystalline forms, but if the solution be 
viscous or glutinous, then oval or globular bodies are produced. These 
coalesce to form still larger bodies, similar to those seen in thin 
sections of the shells of Crustacea (see fig. 26)* 




Fig. 96* — Fonns of Carbonate of Lime depomted from a viacoua solvti<m on a 
slide of glass : tf, molecular ; b^ small oval bodies^ formed by coalescence 
of molecules ; c, still larger bodies ; </, still larger ; e^ bodies having lines 
radiating from centre ; and f, large bodies having both radiating and con- 
centrating lines, and precisely similar to those found in crab shelL 

25. M&vements of Molecules. — There are ifive modes of 
molecular movement : 

(i.) The irregular to-and-fro movements known as the 
Brunonian movements, observed whenever molecules, 
whether dead or alive, are suspended in fluids. 

(2.) Movements of molecules in the interior of cells. 
These may be seen in the interior of various vegetable cells 
(such as those of the Chara, Vallisneria^ and Tradescaniia\ 
but they may also be seen in various animal cells, as, for 
example, in the salivary cell, with the aid of a powerful lens. 
These movements are sometimes definite in direction, and 
are accounted for so far by a circulation of the fluid in which 
they float ; but in other cases, as in the salivary cell, they 
appear quite irregular, and have mpre of the character of 
Brunonian movements (flg. 32, by p. 36). 

(3.) The to-and-fro and zigzag movements of small par- 
ticles of living matter called Bacteria, seen in putrid fluids. 
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(4.) The movements, often in a definite direction, of the 
molecules of the yolk of the egg after fecundation. 

(5.) The movements of pigment molecules in certain cells 
of the skin of the frog, under the influence of light, as 
described by Mr Lister, and which account for the changes 
of colour in that animal with different intensities of light. 
When the animal is dark in colour, the molecules of dark 
pigment are diffused through the cell ; but on exposure to 
light, or by section of the nerve supplying the part, or on 
the sudden death of the animal, the molecules crowd into 
the centre of the cell, and the skin becomes pale. Here 
we have an example of molecular movements under the 
influence of a physical agent, light, and also apparently 
affected by a vital agent, iierve force. A similar explana- 
tion probably accounts for the changes in colour of the 
chameleon, and of various fishes. 

CELLULAR ELEMENTSi 

26. General Description of a Cell, — A cell (fig. 27) is a 
microscopically small body, 
consisting of a soft substance 
termed protoplasm, in which 
there may be imbedded a 
body called a nucleus^ c^ in 
which there may be a still 
smaller body, dy known as the 
nucleolus. Sometimes the Fig. 87.— Two Cdis of round or oval 
external boundary of the cell &"»:«»«» border of thecdl; b, K 

V X. jx jx cell body ; c. c, nttdei with nncleoli» 

may become a hardened d d. 
stratum, a^ which is then 

called the cell membrane or cell wall, A ceQ is more than 
a molecule in a physiological sense ; it is the smal}est physi- 
ological apparatus, to a certain extent complete and inde- 
pendent It is also a generally received doctrine that all 
tissues originate in cells. Not tinfrequently several nuclei 
may be seen in the same cell or mass of protoplasm, as in 
%• 30 (p. 33), a representing a cell or mass of protoplasm 
from the marrow of bone. 

27. Size of CeUs.—Thsy vary in size from the Winrth 
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(coloured blood-corpuscle) to the xh^ of an inch (the 
ovum), 

28. Form of Cells, — This is extremely variable. The 
primary form is spherical or oval (fig. 27); but by com- 
pression they may become flattened (fig. 28); long and 







Fig. 28. — Flattened 
scaly epithelium Cells 
from the lining mem- 
brane of the human 
mouth. 



Fig' 29' — (H columnar epithelium; b^ fusiform con- 
nective tissue cells; c, stellate cell from lym- 
phatic gland ; </, protoplasmic cells, with no oell< 
wall. 



compressed, as in fig. 29> a \ fusiform, b ; and irregular or 
stellate, c. 

29. Nature of Protoplasm,'^\^s is a somewhat viscid 
matter sometimes having albuminous or fatty granules im- 
bedded in it It often receives the names of bioplasniy cyto* 
plasnty and sarcode. It seems to be an unstable albuminous 
matter, insoluble in water, and coagulating at a high or low 
temperature or at death. It manifests properties which w^e 
term vital, because we cannot account for these properties 
by any known physical processes. It forms the chief part 
of young cells, but old cells may be filled with other mat- 
ters, such as fat, pigment, or mineral substances. At an 
early stage, a cell (physiologically speaking) may consist of 
nothing more than a little mass of granular protoplasm, but 
it usually contains a nucleus (as in fig. 29> d)* 

30. Chemical Constitution of Cells, — Of this but little is 
known. The cell substancey as already stated, consists of a 
tough, viscid albuminous substance which coagulates at death 
or on being heated up to a certain point This is about all 
we know at present regarding the chemistry of protoplasm. 
In many cells, protoplasm appears to be converted into other 
substances, such as ferments (as the pepsin found in the cells 
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of the glandvlar coat of the stomach), glycogen, a kind of 
animal starch found in the cells of the liver, and fats. The 
nucleus differs from the cell substance in resisting the action 
of weak acetic acid, and in having a remarkable affinity 
for most colouring matters ; and according to some auth[>- 
rities, it seems to be modified albuminous matter resembling 
elastic tissue (see p. 41). The nvcUolus, from its refractive 
properties, is supposed to consist of fat. 

31. Tht phenomena of Vitality in Cells.— These are : (i) 
absorption of matter ; (2) transformation of the same either 
into protoplasm, or some material farmed by the cell, such 
as fat ; (3) excretion of certain materials which are to be 
got rid of so for as the cell is concerned ; (4} growth, or 
~ I size and development of parts by the imbibi- 
IV matter; (5) proliferation, or the development 
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of new cells from the old one; and (6) in many tho 
property of contractility. The latter property, which is one 
of the most remarkable phenomena of cdl life recently 
discovered, may be observed in the colourless cells of the 
blood, and in the cells found in inflamed parts. On care- 
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fully watching these cells they are seen slowly to change 
their form by throwing out and retracting portions of 
their body. These movements, from their resemblance 
to those performed by the little amceba found in ditches, 
ScCy are termed amaboid. It is a most interesting fact 
that there are many amoeboid cells in the living body 
which wander from the blood-vessels throughout the tissues. 
It has recently been shewn that during infianmiation, at all 
events in a transparent web or membrane, colourless blood 
cells pass from the blood through the walls of the vessels 
into the surrounding tissues, as seen in fig. 31, and become 
the cells of matter or pus. This phenomenon, which depends 
on the property of contractility in these minute cells, not 
only accounts for certain of the phenomena of inflammation, 
but also shews how it is possible that small particles 
of infecting substances may be taken up by amoeboid cells 
and carried by the latter to distant localities in the body, to 
the danger or injury of the system. 

32. Conditions necessary for Cell Life, — These are: (i) they 
must live in a nutritive fluid or blastema^ from which they 
can select and attract the various substances necessary to 
enable them to carry on their functions ; (2) they require a 
temperature not below zero nor above 145** F. — a low 
temperature retarding, while a high temperature favours, all 
growth ; (3) they require room for expansion and an appro- 
priate locsJity ; and (4) the cell itself must be in a healthy 
condition — that is, the cell wall must not become thickened 
unduly by mineral matter ; the cell substance or protoplasm 
must not be unduly loaded with albuminous, fatty, or 
mineral substances ; and the nucleus in many cases must 
exist 

33. Reproduction of Cells, — Cells may multiply in one of 
four ways : (i) endogenously — that is, cells may arise within 
cells ; (2) exogenously, the protoplasm may be extruded 
from the fully formed cell, and form cells outside of it ; (3) 
fissiparouslyy the cell may divide by fission, each part then 
becoming an independent cell ; and (4) gemndferously^ a 
bud may be given off from the cell-wall, which finally drops 
off and becomes an independent organism. Endogenous 
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formation may he seen in cartilage and in cancer cells ; it 
is very doubtful if there are any true examples of exogenous 
formation— some authors denying its occurrence; fissiparous 
division may be noticed in the cells of the embryo, and 
sometimes in colourless corpuscles and pus cells ; and 
gemmiferous formation or budding has been observed in 
the development of blood-corpuscles, and may be readily 
studied in the yeast plant {Torula cerevistce), when a 
drop of yeast is examined from time to time under th& 
microscope. 

34. Varieties of Cells, — Cells may be divided into : (i) 
normal isolated cells, floating in a fluid, such as lympl^ 
chyle, and blood-corpuscles ; (2) cells with a small amount 
of intercellular matter, such as epithelial cells ; (3) cells 
imbedded in, and intimately connected with, other tissues, 
such as fat cells, pigment cells, and nerve qells ; (4) cells on 
free membranes which secrete various fluids — secreting or 
gland cells ; (5) cells which, during different periods in their 
earlier stage of development, present all the characters and 
functions of cells, but the tendency of which is to be trans- 
formed, or so arranged as to constitute a tissue — cells of 
transition — such as cartilage, colloid, connective tissue, 
and embryonic cells ; and (6) cells found only in morbid 
conditions of the tissues, such as pus cells, cancer cells, and 
tubercle corpuscles. 

Several of the different varieties of cells will be described 
when we treat of the fluid or tissue in which they are 
found, but there are certain kinds which must now be 
noted. 

Epithelium and Endothelium. 

• 

35. General Description of Epithelium, — This is a tissue 
composed of cells in layers of greater or less thickness, 
which (i) covers the external and internal surfaces of the 
body, (2) lines the canals of exit, and (3) clothes numerous 
closed cavities, such as that between the wall of the chest 
and the lungs, termed the pleura. The cells found on free 
surfaces and in ducts are called epithelial cells, while 
those which line the shut cavities have recently been 
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termed aidothehal cells There are difierCDt varieties 
Of epithelial cells, such as (t) flat, tesselated, or pavement 
epithelial cells from the Iming membrane of the mouth (&g. 
32, d) , (2) globular or secreting cells from the ultimate struc- 
ture of a gland (fig 3^ b) , (3) columnar cells when thejr 
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adhere by their sides, as found oa the mucous lining of the 
intestinal canal (fig. 33) > and (4) cihated cells, which may 
be either globular or columnar in shape and are distm- 
guished by having small processes or ciha at their free 
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border (figs. 31 and 35). The function of epithelium is 
partly protective and partly for secreting certain matters 
from the blood. 
36. General Description of £tidotheiium. — Lining the 
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interior of the closed cavities of the body, such as tlie chest 
and abdomen, we find a. thin membrane usually called a 
serous membrane. This membrane consists essentially of 
a single layer of irregularly polygonal nucleated cells (resting 
on 3 thin structureless membrane called a basement mem- 
brane) placed edge to edge (fig. 36, 1), 
called endetkelial cells. The cavi 
of the heart and the whole of the 
blood-vessels are also lined by fusiform / 
cells (fig. 36, b, c) of a similar kind. 
These cells are best displayed by %Xi 
ing the tissue with a dilute solution of 
nitrate of silver, and exposing it to light, j 
The effect is so to blacken the edges of 
the cells as to make them quite apparent. 
Serous membranes secrete a thin watery 
fluid called serum or serosity, which 
lubricates the surface, and permits 
movement of adjacent parts on each other with little 
friction. 

37, Ciliary action. — Ciliated epithelium is found in the 
air passages, such as the nose, pharynx or throat, trachea or 
windpipe, and bronchial tubes, in the cavities of the brain 
and central canal of the spinal marrow, in the middle ear, 
in the uterus, and in a few other localities. Each cell 
usually bears several cilia (figs. 31 and 35), and a nucleus. 
The beautiful undulating movement of cilia, sometimes 
similar to the appearance of a series of waves travelhng 
along the surface of a field of wheat, at other times such 
as to convey the idea of running water, can scarcely be 
described; but it may be readily studied on the gills of 
the common mussel, or on the tentacles of many small sea- 
anemones, or other polypes. Ciliary motion persists for 
some time after the death of the animal, and in the case of 
cold-blooded animals it may continue for even ten or fifteen 
days after decapitation, The cause of ciliary movement is 
at present unknown. It does not depend directly on the 
nervous system, nor on a supply of blood, as it will continue 
in isolated parts for some time after these influences have 
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been removed. Usually it is asserted that it depends on an 
inherent property of contractility, but this statement is no 
real explanation of the phenomena. The action of cilia is 
undoubtedly to excite currents in the fluids in which they 
are immersed. In many infusoria, locomotion is entirely 
effected by the action of cilia. In the human body, they 
probably assist in the onward movement of mucus. Thus 
in the air passages, the action tends to propel mucus 
upwards towards the opening of the windpipe. 

Figment. 

* 38. General Description, — ^This is found in the deeper 
layer of the epidermis or superficial layer of the skin, and 
also in the choroid or pigmentary coat of the eye (see Eye). 

It consists of cells filled with 
coloured matter placed side by 
side. There are two distinct 
forms of these cells : (i) the 
polygonal (fig. 37, «), and (2) 
the irregular or stellate, as seen 
^ «- «. ^ « > in ^« The colours of the various 

Iig. 37- — Pigment Cclb : a, from - 1 • j j j 

choroid;^, from skin of frog, ^^^ces of mankmd depend on a 

greater or less amount of pig- 
ment in the skin. Such pigment cells are present in the 
skin of even the white races, and they are also found in 
the investing membrane of the spinal cord, in the mem- 
branous part of the internal ear, and in the interior of 
the nose. In the eye, the pigment obviously absorbs the 
redundant light ; but its uses in the skin and in other 
parts are unknown. Individuals in whom pigment is 
wanting are called Albinos. 

Fat 

39. General Description. — This tissue consists of cells, 
Xsxmtdi fat cells^ imbedded amongst fine fibres. The cells are 
round or oval (fig. 38, d^ b\ from the TrJrth to the i^jsih 
of an inch in diameter, and each consists of a delicate 
wall or envelope inclosing a drop of oily matter. When 
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young, tbey contain a nucleus, but this soon disappears from 
view. Frequently small stellate groups of crystals of fatty 
acids (probably margaric acid) may be 
seen in the interior (fig. 38, b). Fatty ) 
matter is usually called adipose tissue. 
forms a considerable layer underneath 1 
the skin; covers various internal organs, I 
such as the kidneys ; is coUeaed in the I 
folds of tbe serous membranes of the ] 
abdominal cavity termed the mesentery 
and omentum; is common in the neigh- 
bourhood of joints, outside the synovial F«. 38— Fai Cdb: 
membrane ; and it exists in large quan- ^™^'^^ ^f^ 
tity in the bones, forming the chief part and coniaining small 
of the marrow. It is richly supplied si=iiaie deposiB of 
with blood-vessels. The uses of fat '"J'*'"''- 
are : (i) it acts mechanically as a light, soft, elastic packing 
for the cavities of the body, facilitating motion and diffusing 
pressure equally; (2) being a bad conductor of heat, it 
retains the warmth of the body — hence we find a thick 
layer of fat {blubber) underneath the skins of animals living 
in arctic regions ; and (3) being composed chemically chieily 
of carbon and hydrogen, it is consumed in respiration, and 
thus assists in maintaining animal heat (see Animal Heat). 
In a well-nourished human being, the amount of fat is said 
to be about ^th of the weight of the body, but no doubt it 
fluctuates. Repose of body and mind, much sleep, and rich 
food favour the development of fat, and in some cases, 
especially in advanced life, the amount becomes so great as 
to constitute what we term obesity, which cannot be regarded 
as a healthy condition. 



40. A fibre is a solid elongated filament, microscopical 
in size, and a number of these together constitute a Jibrims 
tifsue, of which there are four varieties found in the human 
body. These are; (i) white fibrous tissue ; (3) yellow elastic 
tissue ; (3) involuntary or non-striated muscular fibre ; and (4) 
voluntary or striated muscular fibre. 
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41, Central Description. — This is frequently called cott- 
tiective tissue, because it binds the various tissues and 
organs tc^ethfer. It is found undemealh and in the skin, 
between the muscles, in the blood-vessels, and other deep- 
seated parts, forming sheaths for these structures, and it 
enters more or less into the constitution of almost every 
organ. It b also continuous throughout the body. Hence 
dropsical effusions find their way throughout every part, 
and suppurations may spread from the spot where the 
matter or pus was first formed. White fibrous tissue con- 
sists of fine filaments (fig. 39, a) running in bundles whidi 




d, yellow elastic tiuue; f, reticulated dnue 
elastic fibres -, /, cooncclive Eiuiie ccjpLucles (X 



oflen cross each other so as to form spaces or areolie; Hence 
it is sometimes termed areolar tissue. In the meshwork 
thus formed lie fat cells, blood-vessels, &c lit this kind of 
tissue we also meet with small irregularly formed nucleated 
cells (fig. 39, /, and fig. 40, a, b, c, d) termed connective 
tissue corpuscles. This kind of tissue swells up, and becomes 
transparent and gelatinous on the addition of a drop of weak 
acetic acid. Tendon or sinew is formed of parallel bundles 
of white fibrous tissue (see fig. 39, a). 
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TeQov ElABtla namia, - 

42. General Description. — This is found in the ligaments 
which join the arches of adjacent vertebra, in the coats of 
the larger blood-vessels, in the skin, and ia many other 
Structures. It may be conveniently studied in a bit of the 
ligamentunt nucha, or ligament in the back of the neck for 
sustaining the heavy head of large quadrupeds. It consists 
of strong, coarse, yellow, elastic fibres (fig. 39, d, e), which 
shew a tendency to split up and to curl up at the extremi' 
ties. It is sot affected by acetic acid. Its chief property is 
eiasiiei/y, 

■hucnlBf Tlsmu. 

43. The two varieties of fibrous tissue above described pos- 
sess only various physical properties, and act chiefly in a 
mechanical way in supporting or binding together, or in 
giving elasticity to various parts. Muscular tissue, in addi* 
tion, possesses the property of contracting on the application 
of a stimulus. Of contractile fibrous tissue there are two 
varieties. 

(i) Imjoluntary or Non-striated Muscle, 

44. General Description. — This is so termed because its 
action is not subject to the will— that is, 

we cannot cause contraction in a part 
formed of it by wiUing to do so — and 
because it does not present the striated 
appearance characteristic of the other 
variety. It is found between the coats 
of the membranous viscera, such as the 
stomach, intestines, and bladder, in the 
walls of the air-tubes, ducts of glands, 
Jfcc. It consists of flattened or ribbon- Fie.w.-a.ponion 




Shaped bands (fig. 41, a), which &n ^^l^j^ fitJTf \ Ik- 
composed of fusiform or spindle-shaped lued cell, ibcwing 
cells, 6, sometimes shewing, on the nucieu!. 
addition of acetic acid, an elongated 
nucleus. It contracts slowly when stimulated 
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(2) Voluntary or StriaUd Musch, 

45. General Description, — On examining one of the muscles 

of the extremities of any aitimal with the naked eye, we 

L observe that it presents 

fibrous appearance; 

> The bundles are called 

' fasciculi (fig. 42), in- 

, closed in sheaths of 

Fig. 41— MmoUnr FuscicuJui, ihewing in white fibrous tiSSUK 

di™;™ bto fibra. ^ fasciculus consists 

of a number di fibres, of varying size, each of which is 
inclosed in a structureless sheath or membrane called the 





sarcolemma (fig. 43)- A fibre usually shews a tendency to 
cleave or split up in two directions, transversely into disks 
(fig. 44), and longitudinally into still smaller fibres, r-Mi^ 




Kg- 4S.— Fonkoi of MmcalH Hbic, Kg. 46.— Poitioiis of Miucnlai Pibn 
d» Bbewing 'va coDDCctiDa with dw highly magnifiedi ahewipg sulcus 
ImdoD, b. elemenQ : a, luge fibril ; h, oltL 

fibrilla (fig. 46). Each fibre shews transverse markings 
or stria (hence the name), as seen in the various figures. 
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This striation is due to the fact that the ultimate fibril 
(fig* 46) i) is composed of small somewhat square-shaped 
bodies placed end to end, some of which, from the manner 
in which they are affected by light, appear dark and others 
light. These bodies are termed sarcous elements^ by the 
union of which a fibril is formed. By studying the figures, 
the cause of the striated appearance will be at once under- 
stood. Recently it has been shewn that in the middle of 
the clear sarcous element there is a thin dark line. The 
length of the fibres is usually about that of the muscle in 
which they occur, and in the human body may vary Trom 
two lines to two feet They are coarse in Crustacea, reptiles, 
and fishes, and fine in birds and mammals, more especially 
in birds. They are attached at each end to tendinous sub- 
stance (fig. 45), composed of white fibrous tissue, which in 
turn is inserted, or becomes continuous with the fibrous 
covering of bone. 

46. Chemical Constituents of Muscle, — A living muscle in 
a state of repose contains, within the sarcolemma of each 
fibre, a semi-fluid substance called muscle-plasma^ having 
an alkaline reaction. When this plasma is squeezed out of 
muscle it separates into two portions — a fluid termed muscle 
serum, and a solid clot which consists of an albuminous 
substance called myosin. The serum contains various 
albuminous matters ; glycogen, a kind of animal starch ; 
various matters previously formed from the decomposition 
of the muscle during action ; salts, chiefly of potassium ; 
water ; and gases, chiefly carbonic acid. When a muscle 
dies, the semi-fluid matter solidifies, and the muscle stiffens. 
This is called ri^or mortis. After a muscle has been stimu- 
lated to contract frequently, or kept in a state of contrac- 
tion for some time, the plasma becomes acid instead of alka- 
line, from the formation of acid products of decomposition. 

47. Stimulation of Muscle, — ^When a muscle is stimulated 
it contracts. This property of contracting on the applica- 
tion of a stimulus is called irritability , a property which has 
been shewn to depend on the inherent structure of the 
muscle itself, and not upon the nervous system, as was at 
one time supposed. The stimuli capable of causing a 
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muscle to contract are : (i) the normal nervous stimulus, 
transmitted along a nerve from a nervous centre ; (2) elec- 
trical stimuli^ as when it is irritated directly by an inter- 
rupted galvanic current, or by a Faradic current ; (3) chemical 
stimuli^ such as the application of a strong solution of 
common salt ; (4) thermal stimuli^ such as the momentary 
application of a hot wire ; and (5) mechanical stimuli^ such 
as pricking, pinching, &c. 

48. Work done by a Musdc^-When a muscle contracts 
in its normal position, it does a certain amount of worJb, in 
the form of mechanical movement 

As work cannot be done without expenditure of material, the 
chemical composition of the muscle alters, so that the constituents 
which are soluble in water decrease in amount, while those soluble 
in alcohol increase. This fact clearly indicates that changes take 
place. When a muscle is stimulated, either directly, or indirectly 
by stimulating the nerve, it does not contract instantly, but there 
is a short period of inactivity, followed by the contraction. This 
period, called /Ae period of latent stimtdation, has been found to 
amount to about the -^^^ part of a second. Physiologists have 
measured by carefully constructed instruments the work done by 
a muscle with different degrees of stimulation, and with different 
amounts of resistances to overcome. One general fact is that when 
a muscle contracts on stimulation, it may do an amount of work^ 
say in lifting a weight, far in excess of the work represented by the 
stimulus. It thus appears that the muscle may be r^arded as con- 
taining energy stored up, or in z. potential ^zXit; while the function 
of the normal nerve stimulus is to set free this energy, or to make 
it active or actual. 

49. Various states of Muscular Contractiott. — When a muscle 
receives a single shock or stimulus of sufficient strength, say from 
a galvanic, battery, it makes one contraction. If it receive a series 
of shocks, with sufficient time intervening between the shocks, it 
contracts and returns to its former size with each shock ; but each 
shock after a certain time weakens the muscle, so that it by-and-by 
will not contract on the application of the stimulus. This state 
of exhaustion of the muscle is called muscular fatigue. If a muscle 
receive a number of shocks in quick succession, so rapid that it has 
no time to relax completely between the shocks, it becomes stiff and 
rigid. The rigid condition thus produced is called Tetanus. It has 
been recently shewn that the normal contraction of a muscle is also 
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an effect of this kind. When a muscle, say the biceps in the front of 
the arm, contracts in obedience to a voluntaiy effort, it does not do 
so by one shock or current of nervous energy being transmitted to 
it along the nerves from the brain, but by the action of many. One 
nervous shock after another follows with great rapidity, and in con- 
sequence the muscle gathers itself up or contracts. 

50. Thermic Phenomena of Muscle* — Muscles are hotter during 
contraction than during a state of rest. This has been ascertained 
experimentally, and the heat thus produced may be regarded not 
only as an e3q)ression of the chemical changes occurring in the 
muscle, but also as the appearance, in the form of heat, of a portion 
of the energy stored up in the muscle. 

51. Electrical Phenomena of Living Muscle, — When a muscle, say 
the small muscle from the back of the leg of a frog, is cut so that 
the transverse section may be adjusted to one of the terminals of a 
galvanometer, and the longitudinal surface to the other, and the circuit 
of the galvanometer is opened, a movement of the needle at once 
indicates the presence of an electrical current. It may be shewn 
that this current flows through the galvanometer from the longitud- 
inal surface to the transverse section — ^that is, the former is positive, 
and the latter negative. If in these circumstances the muscle be 
caused to contract, the needle swings back towards zero — that is^ 
during muscular contraction, the current observed during rest 
becomes less. This diminution during contraction is termed the 
negative variation of the muscle current, 

TUBULAR ELEMENTS. 

52. By a tube is meant a microscopical filament composed 
of a wall and contents. When viewed under a high power, 
magnifying 250 diameters linear, with transmitted light, it 
is distinguished from a fibre by one or two thin lines on 
each side, the inner line gradually shading off into a bright 
clear space in the centre. Optically, a transparent fibre shews 
a broad dark band on each side of a narrow clear centre. 
In the body, we find four varieties of tubes, which will be 
described in their proper place in discussing the functions 
•with which they are connected. They are — (i) air-tubes, in 
the air-passages and lungs ; (2) blood-tubes, in the various 
kinds of blood-vessels ; (3) dental tubes, forming part of the 
structure of a tooth ; and (4) nerve-tubes, usually termed 
nerve-fibres, the conducting filaments of the nervous system. 
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There are certain tissues which cannot be ctrnTenientlr 
classified under any of the four divisions of molecular, 
cellular, fibrous, and tubular elements. These are (i) 
cartilage, or gristle ; and (2) bone. Of these we shall now 
give a brief account 



53. General Discriftion. — When in mass, cartilage is 
opaque, pearly or bluish white, and translucent when cut in 
thin slices. It is highly and perfectly elastics There are 
two varieties, temporary and permanent. Temporary cax- 
tilage is seen in the embryo, where the skeleton is car- 
tilaginous, but in due time the cartilage is replaced by bon& 
Permanent cartilage continues as cartilage throughout life. 
It is seen covering the ends of bones, and entering into the 
formation of joints, forming an elastic pad which breaks the 
force of concussions ; it forms the cartilages of the ribs (fig. 
12, D), and part of the external ear, the nose, the eyelids, the 
larynx, the windpipe, and the tube leading from the back of 
the throat to the middle ear, known as the Eustachian tube. 
When a thin piece of cartilage is examined microscopically, 
it is seen to consist of a mass of finely granular material 
known as matrix, in which lie imbedded nucleated cells, 
called cartilage cells. When cartilage is boiled for a 
considerable time, it yields a substance termed ckondrin. 

54. Varieties of Cartilage.— ^T^tAts are : (1) hyaline, ia 
which the matrix is clear 
and transparent, or finely 

r molecular, giving it the 
I appearance of ground- 
■ - = («E. 47, «); (!) 
' while fibro-cartilage, in 
which the matrix has 
become fibrous, the 

Fig. 47.— Cinilsee : o, hyuline, ibowim; cdb fibres having the r tiar - 
ly!„gm.,Uighdypinukrin^trix;i,Td. j of thoSe of whitC 

low fibrous, shewing celli lying m mcih- 

work of coine fibres. fibrous tissue, as Seen in 

the disks between the 

vertebrje j and {^ yellow fih'9-earHlage, in which the fibres 
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resemble those of yellow fibroas tissue, rewsting the action 
of acetic acid, and forming a dense matting or felt, in the 
meshes of which the cells lie (fig. 47, 6). Yellow fibro- 
cartilage is sparingly distributed in the body, being found 
only in cmtain of the cartilages of the ear and of the laiynx. 

Bona. 
SS- General Description. — Bones are divided by anatom- 
ists into the long or cylindrical, the flat or tahiular, and die 
short or irregular. The femur is an example of the first 
(fig. 19, p. 19), the parietal of the second (fig. % », p. 12), 
and the astragalus of the third (fig. 21, >, p. 20), When any 







Fig. 46— BDDe: A, longiludinal Mdioa, >ht 

a, hifEhly zoA^roJwA -, it booe cojpusde, a mass of protDpUim ; 



of these bones is sawn across, two kinds of bony tissue are 
seen — a hard compact part next the surfaces of tiie bone, 
and a spongy or cancellated part formed of bands and 
plates in the centre. In. the centre of a long bone there is a 
canal termed the medullary canal, filled with a soft, reddish, 
pulpy substance called the marrow. The marrow, when 
examined microscopically, shews fat cells, large nucleated 
cells (fig. 30, a), and blood- corpuscles. In the cancellated 
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tissue, both in the heads of the long bones and in the flat 
and irregular bones, there is a pulpy matter of a similar 
character. To examine the microscopic structure of a piece 
of hard bone, two methods may be followed : (i) by sawing 
pfT thin sections of dried bone, polishing and grinding them 
into extremely thin slabs on a lapidary's wheel, or on a 
hone ; or (2) by steeping the bone in dilute hydrochloric 
acid for a few weeks, so as to dissolve out the earthy matter, 
and leave only the cartilaginous basis, which is so soft as 
to cut readily into thin sections with a sharp knife. On 
examining a longitudinal section of bone made by the first 
method, a series of canals are seen ramifying through the 
bone (fig. 48, A), called Haversian canals^ /or carrying 
blood-vessels, &c., and by the sides of these canals numerous 
little dark oblong bodies, from which delicate dark lines pass. 
On examining a transverse section of bone (fig. 48, B), a 
transverse section of the Haversian canal or canals is seen, 
^, ^, surrounded by laminae of bone, in which are imbedded 
oval dark bones termed lacuna^ from which radiate outwards 
and inwards numerous very delicate canals known as cana^ 
liculi. In dead bone, the lacunae and canaliculi are empty, 
or filled with bone-dust, but during life each lacuna is occu- 
pied by a little mass of protoplasm called a bone corpuscle 
(fig. 48, C), and by the canaliculi a complete circulation is 
established throughout the bone. These arrangements are 
evidently intended for the nutrition of the bone. The 
nutritious matter transudes from the blood-vessels in the 
Haversian canals, passes through the system of canaliculi 
which communicate with these to the first row of lacunae, 
and so on throughout not only the entire Haversian system^ 
as it is termed, which surrounds the canal, «, but through 
adjacent systems such as b. 

56. Growth of a Bone, — Every bone is formed either in membrane 
or cartilage, and the process is called ossification. It is a process 
too obscure and difficult to be treated of in this elementary work, 
but there are certain practical facts regarding the growth of a bone 
which may be briefly described. In the early embryonic state, a long 
bone, say the femur (fig. 49), is entirely cartilaginous; but at a 
certain definite period a deposit of earthy matter takes place in the 
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sbsSty which gradually extends towards each eztreoiity, so that 
about the eighth ^ 

month of foetal life, D 

the shaft is com- 
pletely ossified. A, 
but both ends are 
cartilaginous. At 
birth a second de- 
posit of earthy mat- 
ter (termed an osstfic 
centre) has taken 
place in the lower 
end, B. After birth 
the bone grows in 
length and thickness. 
At the age of one 
year, a second ossific 
centre makes its ap- 
pearance in the head 
of the bone, C. We 
have now three ossi- 
fied portions, the 
shaft, the lower ex- 




Fig. 49-'— Ossification of the Femur : A, femur of a 
foetus about eight months ; the body is osseous ; 
both ends are cartilaginous. B, femur of a child 
at birth, shewing a nucleus of earthy matter, 2, in 
the lower end. C, femur of a child bf about a year 
old, shewing a nucleus in the articular head, 3. D, 
femur of the fifth or sixth year, where ossification 
has extended from the shaft into the nucleus in the 
head, and a nucleus has appeared in the great 
trochanter, 4. £, femur of about the age of 
puberty, shewing more complete ossification, and 
a nucleus in lesser trochanter, 5.— Quain.- 



tremity, and the 
upper extremity. Between the ossified shaft and the partially ossi- 
fied extremities, the bone is still cartilaginous, and it is here that 
growth in length chiefly takes place. A study of fig. 49 will shew 
the subsequent steps by which the bone becomes entirely ossified. 
The ossified portions separate from the shaft are termed epiphyses. 
After a bone has become completely ossified, it ceases to grow in 
length, but it may increase in thickness by the development of new 
bony material on the outside, beneath the fibrous covering of the 
bone termed the periosteum. Each bone is richly supplied with 
blood by the vessels of the periosteum, and by a special nutrient 
vessel which usually penetrates the bone. These facts shew (i) 
that bone is not a dead inert mass, as^ many may suppose, but that 
it is a living growing tissue, especially in early life ; and (2) that 
in early life, before the long bones of the lower extremities have 
completely ossified by union of the epiphyses with the shaft, there 
is danger of bending the bones at the 'cartilaginous portions and 
in the shaft by allowing the child to walk at too early a period. 
57. Chemical Constitution of Bone, — Bone consists of an earthy 

D 
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and of an animal part. The animal part is a soft flexible substance 
obtained as above mentioned by steeping a bone in dilated hydro- 
chloric add. On boiling this, it yields gelatine. The earthy part, 
got by burning bones, consists largely of tribasic phosphate of lime, 
carbonate of lime, fluoride of calcium, phosphate of magnesia, and 
chloride of sodium. In old age^ the bones ' become brittle from 
the large amount of earthy salts they then contain. 



CHEMICAL CONSTITUTION OF THE BODY, AND 
THE CHEMICAL ACTIONS OCCURRING IN IT. 

In connection with this department of physiology, we 
shall briefly discuss (i) the chief elementary constituents of 
the human body ; (2) the chief compounds which have 
been isolated by the chemist ; and (3) the chief chemical 
changes which occur in the living oiganism. 

ELEMENTARY CONSTITUENTS. 

58. The principal elementary constituents are carbon, 
oxygen, hydrogen, and nitrogen. Those next in importance, 
or at all events in frequency, are sulphur, phosphorus, 
chlorine, sodium, potassium, calcium, and iron. The first 
four are met with in all the fluids and solids of the body ; 
sulphur in albuminous matters, blood, and in most secre- 
tions \ phosphorus in blood, nervous matter, bone, the teeth, 
and in most liquids ; fluorine in bone and the teeth ; 
chlorine everywhere ; sodium everywhere ; potassium in 
the muscles, coloured blood-corpuscles, nervous matter, and 
secretions ; calcium in bone, teeth, and fluids ; magnesium 
usually accompanies calcium ; iron in the colouring matter 
of the blood, bile, urine, &c. The rarer bodies are silicon, 
lithium, manganese, copper, and lead. 

COMPOUNDS. 

Of these there are two classes — inorganic, such as water 
or phosphate of lime, and organic, such as albumen or urea. 
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Inorganlo Ck>mponiid8. 

59. These may be divided into water, inorganic acids, 
inorganic bases, and salts. 

Water forms about t^o-thirds of the weight of the 
body, so that a body weighing about 165 lbs. will contain 
about no lbs. of water. Certain tissues contain very little 
water, such as the substance of tooth, bone, &c. ; whereas 
others, such as brain-matter and muscles, contain a great 
amount 

Inorganic Acids, — These are hydrochloric, hydrofluoric, 
phosphoric, sulphuric, and silicic None of these occur in 
the free state (except, perhaps, the first in the juice of 
the stomach), but are combined with sodium, potassium, 
calcium, &c. . 

Inorganic Bases, — T^ese are soda, "potash, ammonia, 
lime, and magnesia. None occur free, but are combined 
with acids to form salts. 

Salts, — These are numerous, but the chief are chloride 
of sodium, chloride of potassium, chloride of ammonium, 
fluoride of calcium, phosphates of sodium and potassium, 
phosphate of calcium, phosphate of magnesium, and sul- 
phates of sodium and potassium. The most important as 
regards amount is the chloride of sodium, of which about 3086 
grains, or over six ounces, exist in an average human body. 

Organic Componiids. 

60. Such may be divided primarily into those containing 
nitrogen, or nitrogenous^ and those not containing nitrogen, 
or the non-nitrogenous. The nitrogenous include albu- 
minates, albuminoids, and albuminous derivatives. The non- 
nitrogenous include certain organic acids, animal starch 
and the sugars, the fats, and the alcohols. The albu- 
minates comprise such substances as common albumen 
(familiar as white of ^z^^ found in blood, chyle, lymph, &a ; 
casein^ found in milk, constituting cheese ; and myosin^ or 
muscle-clot, already referred to (p. 43). The albuminoids 
are so termed because, while they have properties peculiar 
to each, they have certain general properties resembling 
those of the albuminates. The chief are gelatin, obtained 
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by boiling skin, sinew, &c. ; chondrifty got by boiling carti- 
lage ; and elasiin^ made by the prolonged boiling of elastic 
tissue. The albuminous derivatives probably do not form 
a constituent part of any tissue, but as they are made in the 
economy by thoie chemical dissolutions of more complex 
substances on which vital activity would seem largely to 
depend, they are always found either in the solids or in 
the excretions. The chief are urea and uric acid, two sub- 
stances in the urine which will be afterwards described ; 
leuGiriy tyrosifiy cystin^ and taurin, found in bile ; creatin 
and creatinine existing in muscle-juice ; and lecithin and 
cerebrin^ found in nervous matter. These will be subse- 
quently referred to in treating of the juices in which they 
occur. 

6 1. The non-nitrogenous substances comprise four dif- 
ferent kinds of bodies — namely : 

Organic Acids, — Certain organic acids, which are usually 
united with bases forming salts. The chief of these are 
carbonic^ formic^ acetic, propionic, butyric, palmitic, stearic, 
oleic, lactic, oxalic, succinic, &c 

Animal Starch and Sugar, — Animal starch or glycogen 
has the same chemical formula as common starch. It is 
found in the liver and muscles, and also in the tissues of 
the embryo. Of sugars there are three varieties to be met 
with in the body : glycose, or grape-sugar, in the alimentary 
canal ; inosite, or muscle-sugar, found chiefly in the heart ; 
and lactose, or sugar of milk, found in milk. 

Fats. — Chemically considered, a fat is a triatomic alcohol, 
glycerin, in which one, two, or three of the atoms of 
hydrogen are replaced by the radicle of a fatty acid. Of 
such compounds in the body there are three — stearin, 
falmitin, and olein, which are found in all fatty matter. 
About four or five pounds of fatty matter may be found in 
a body of average size and weight. 

Alcohols, — According to chemists, an alcohol is a sub- 
stance constructed on the type of one or more molecules of 
water in which one or more of the atoms of hydrogen are 
replaced by a radicle. For example, common alcohol is on 
the type of one molecule of water in which one of the 
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hydrogen atoms is replaced by the monatomic radicle, 
ethyl. In the body only two compounds are known 
which physiological chemists refer to this group — glycerifty 
which is the basis of all the fats, and cholestrin^ which 
exists in bile, and in a solid state forms the chief con- 
stituent of gall-stones. 

CHEMICAL CHANGES IN THE LIVING ORGANISM. 

62. A little reflection will at once indicate how difficult 
it is to attempt to investigate the chemical changes occur- 
ring in a living tissue or in a living being. True it is we may 
collect and analyse every excretion, we may examine the air 
before and after breathing, and we may analyse the food, 
and give such food as we think may vary the conditions of 
the inquiry ; but these procedures throw little light on the 
chemical compositions and decompositions in the tissues 
and organs which we know do take place. Still, without 
direct evidence perhaps, but supported by all the known 
facts, and justified by all analogies, we ca^ say that in the 
body the chemical changes may .be [classified as follows : 
oxidations, decompositions, reductions, syntheses, and fer- 
mentations. 

63. Oxidations in the Body, — ^These constitute the great 
majority of the chemical changes occurring in the body. 
By oxidation is meant the union with oxygen of one or more 
constituents of a complex substance, so as, in most cases, to 
form one less complex. Oxidations may go on step by step, 
each gradation being simpler than the one immediately pre- 
ceding it. Thus the terminal products of the oxidation of 
albuminous substances are urea, water, and carbonic acid, 
and of the fats, water and carbonic acid. By artificial pro- 
cesses of oxidation the chemist has succeeded in producing 
many simpler compounds, and thus he has imitated the pro- 
cesses going on in the body. From albuminous matter he 
has formed leucin, tyrosin, glycocoll ; and from uric acid, 
urea, oxalic, and carbonic acids, &c. The agent in processes 
of oxidation is, of course, oxygen introduced by respiration. 
These processes seem to be essential to the production of 
all vital actions. 
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64. Decompositions in the Body, — By decomposition is 
meant the splitting up of a substance into two or more com- 
ponents, the combined weight of which represents exactly that 
of the compound. Thus one of the acid substances found in 
the bile, taurocholic acid, spUts up into taurin, and cholic 
acid, and the sum of the atomic weights of the latter two 
is exactly equal to that of the former. Some substances 
lose one or more molecules of water, and thus become 
chemically changed. For example, creatin and creatinin, 
compounds found in muscle-juice, differ only by a molecule 
of water. Such a process of abstracting water is called 
dehydration. Recently it has been conjectured that some 
processes occurring in the body are what the chemist 
terms dissociation^ by which is meant a decomposition 
occurring at a certain temperature and pressure or tension, 
in which the substances which have been separated will 
re-unite to form the primitive compound when the former 
conditions as to temperature and pressure are re-€stablished. 

65. Reductions, — By the term reduction is meant the 
removal of oxygen from a complex body. It rarely happens 
apparently in the animal body. 

66. Syntheses, — ^The formation of compound bodies by a 
process of building up or synthesis is less understood than 
processes of decomposition. Sometimes this process simply 
consists of one of hydration — that is, a compound unites 
with water to form a more complex body. Thus creatin 
combines with a molecule of water and becomes creatinin. 
Chemists have synthetically produced many of the sub- 
stances formed naturally in the body, such as urea, hippuric 
acid, taurin, sarcosin, creatin, oxalic acid, succinic acid, 
acetic acid, &c., but little is known as to the steps by which 
these bodies are formed in the body. 

67. Fermentations, — Many examples of fermentive changes 
occur in the body. The ferments are produced by living 
cells in certain glands. Thus we have ptyalin, the ferment 
of the saliva, formed in the salivary glands ; pepsin, the 
ferment formed in the gastric glands of the stomach, &c. 
Their chemical constitution resembles that of albuminous 
matters, but they cbntain no sulphur. The following are 
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examples of fermentive processes : (i) The transformation 
of starch into dextrin and into glycose, produced by the 
action of ptyalin and pancreatin, and also under the 
influence of all albuminous matters, especially in the act 
of decomposition ; (2) the transformation of fats into fatty 
acids and glycerin, accomplished by the pancreatic fer- 
ment; and (3) the transformation of albuminates into 
peptones, or soluble modifications of albumen, as happens 
under the action of the pepsin of the gastric juice and of 
the pancreatic ferment. For the accomplishment of fer- 
mentation, certain conditions of moisture and temperature 
are required. These conditions exist in the animal body, 
so that the chemical transformations of food during the 
process of digestion are due to the action of soluble fer- 
ments. Probably also, similar changes occur in the more 
obscure processes of nutrition, and in the actions of certain 
glands, such, for example, as the liver, ivhere apparently a 
' fermentive substance is formed which converts glycogen 
or animal starch into sugar. 



THE ANIMAL BOD Y IN A CTION. 

Many of the phenomena of the body in action have been 
already alluded to, such as the properties of the various 
tissues and the chemical changes in the organism. The 
remainder will be described under Special Physiology, after 
which we will consider the views held by physiologists 
regarding Life or Vitality and Death. 
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IL-SFECIAL FHTSZOLOaT. 

68. The functions of the human body may be conveniently 
classified into three great divisions : (i) Nutrition, or the 
nourishment of every part of the body, so as to enable each 
part to perform its special function ; (2) Tnturvalian, or the 
actions perfonned by the nerves, spinal cord, brain, and 
organs of sense j and (3) Reproduction, or the perpetuatior* 
of the species by offspring. 



THE FUNCTION OF NUTRITIOl^. 

69. This function is a complex process. To keep up the 

integrity and vigour of the body, food must be procured, 

chewed or masticated, mixed with saliva, swallowed, 

digested in the stomach, the nutritious material absorbed 




Fig. 60.— Diagimi of a. Vcrtebmte AninHl (Owen) : a, mouih ; i, b, teelh ; c, 
tAiiaoTj perve ; d, optic derve ; #, palate r ft epiglottis : g, tpanphagm, or 

ear ; k, tiachea, or windpipe ; Z, luog ; m, heart ; n, diaphtagrrx ; o, liver ; >, 
Elomach ; g, pancreas \ r, smaLI iDIe&lLDe ; x, kidney ; t, spleen ; h. bladder ; 
V, aniiB ; v/, testicle ; je, x, apinal cord ; y, procoui of venebi2 ; a, musctc 
A, bones of fore-leg ; B, foot ; C, hind-leg. 

by special organs in the bowels, called villi, and from them 
carried to various glands, where it is elaborated into blood. 
The blood is then conveyed through the body, giving up 
to the tissues what they require for nourishment, and 
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carrying away materials resulting from their decay. Thus 
rendered impure, the blood must have the noxious materials 
removed. For this purpose, several organs, such as the 
lungs, the liver, the skin, the kidneys, and the lower bowel, 
are set apart. Thus the blood is constantly replenished 
with nutritious matters, and constantly being purified, so 
as to fit it for supplying each individual particle or cell 
of the body with exactly the material it requires. Bone 
requires earthy salts, muscle requires albumen, the 
nervous system requires fat, and so on. 

The general arrangement of the nutritive organs is seen 
in fig. 50, representing an ideal longitudinal section of a 
vertebrate animal ; fig. 25, p. 28, should also be studied. 

The process of nutrition is complex only in the higher 
animals. In the amoeba (fig. 51), a little animal which is 
nothing more than a mass of jelly-like living material, con- 
taining a nucleus, a, and a nucleolus, d, we find no trace of 
organs, and nutrition is carried on by any part of the body. 
A little fragment of nutritious matter is surrounded by the 
protoplasm of the body of the animal, ^, and by it is also 
converted into protoplasm. But as we ascend in the scale 
of animal life, one organ after another is added, such as a 
digestive sac, glands for secretions to act 
on the food, a special fluid — the blood, 
an organ and vessels for circulating this 
fluid; and so on, till we come to the 
higher animals, where we find a complex 
system in operation. 

70. Nutrition may be divided conven- 
iently into a number of stages, of which Y\g. 6l.-Amaba:«, 
there are twelve; but before discussing nucleus; b, nucie- 
these, we must endeavour to understand oius; f, morsel of 

the nature of the food or aliment by which b^'^'^ab^orbc'dT'^^ 
matter and energy are introduced into the protoplasmic body: 
body. 

FOOD OR ALIMENT. 

71. Necessity for Food. — A living being is always in a 
state of change. His skin gives off water, either in the 
form of sweat or as invisible vapours; his kidneys act 
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similarly, the water in both cases containing salts and other 
matters in solution ; and his lungs are always exhaling, not 
only watery vapour, but the gas known as carbonic acid, 
as may be readily shewn by bre9.thing into lime-water, 
which soon assumes a milky appearance, in consequence 
of the formation of carbonate of lime. Moreover, the 
body, which has an almost constant temperature of about 
98*4° F., is always giving off heat, so that if a man were 
surrounded by ice, part of the ice would be melted, and the 
amount of heat might be estimated by the amount of 
water produced. The production of heat indicates chemical 
changes in the body, accompanied by waste of materiaL 
In addition, there is a constant expenditure of energy in 
carrying on the work of the body, or in doing the daily 
outside work of life. If this condition of things were to go 
on indefinitely, the weight of the body would gradually 
diminish. To retain the body in an efficient state both as 
regards matter and energy, it must be supplied with atmos- 
pheric air, water J 3x16, food. We have placed them in the 
order of their importance. 

72. Physiological Importance of the Air, — The atmos- 
phere consists of a mechanical mixture of 4 measures of 
nitrogen and i measure of oxygen. In 100 volumes of air, 
there are 20.81 of oxygen and 79-19 of nitrogen. By weight, 
in 100 parts, there are 23.01 of oxygen and 76-99 of nitrogen. 
In addition, the air always contains a small amount of 
carbonic acid (about 4 parts in 10,000 parts), a variable 
but minute trace of ammonia, traces of nitric acid, and 
frequently in towns a small amount of sulphurous acid 
and sulphuretted hydrogen. Finally, it contains variable 
quantities of aqueous vapour. The constituent of greatest 
importance in the economy of the body is oxygen. Without 
this gas, life cannot be prolonged for more than a few 
minutes. Consequently, there are special arrangements for 
introducing it into the body. This constitutes part of the 
process of respiration. 

73. Physiological Importance of Water, — When we 
recollect that water is present in every tissue of the body, 
and especially in those tissues which are of the greatest 
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importance to life, snch sis brain or muscle, we see at once 
the importance of a due supply of this fluid. The presence 
of water is a condition of all vital activity. It is the solvent 
by which substances are brought into close contact with 
each other, and it is the medium in which all those molec- 
ular processes occur on which life depends. It is remark- 
able too that it is in a constant state of transition in the body, 
and as it is continually being given off, it must be replenished. 
Hence all animals introduce into the body water, either as 
such, or combined with the food. 

74. Classtfications of Food, — ^Various classifications of the 
food of man have been proposed ; but the following is 
simple and practical : The aqueous j the albuminous j the 
fatty y oily J or oleaginous j the saccharines the gelatinous j 
and the saline groups. All our daily food is referable to 
one or more of these classes. The aqueous group includes 
not only water, but all fluids (except oils) used as drink, 
and it must be recollected that all our so-called solid 
foods contain a large percentage of water. The albuminous 
group (often termed the protein) is typified by the white 
of egg, and includes the gluten of flour, and the chief 
constituents of flesh and cheese. These substances con- 
tain the four elements, carbon, hydrogen, oxygen, and 
nitrogen, and also a Httle sulphur or phosphorus, or 
both. The albuminous foods chiefly nourish the muscles, 
but they contribute, along with fat or oil, to almost every 
tissue. The fatty group includes al> animal and vegetable 
fats or oils. They are composed of carbon (ranging from 
sixty to eighty per cent), hydrogen, and a little oxygen. 
The saccharine (often termed the starchy or amyloid) 
group contains all the varieties of sugar, starch, dextrin, 
and gum; like the preceding group, they are composed 
solely of carbon, hydrogen, and oxygen. The starches and 
sugars belong to the group termed by chemists carbo- 
hydrates, because they contain carbon or charcoal, and 
oxygen and hydrogen, in the proportions necessary to 
form water. Sugars and starches contain enough oxygen 
in their own composition for this purpose, but fats 
require to be oxidised chiefly at the expense of oxygen 
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from without. This group contributes chiefly to the fatty 
tissue of the body. The gelatinous group is represented 
by cow-heel, isinglass, and such-like substances, yielding 
jellies and soups that stiffen on cooling; while the saline 
group includes mineral matters, especially common salt, 
and phosphates of the alkalies, and of lime, &c The saline 
or mineral matters form bone, tooth, &c., and they are found 
in variable proportions in almost every fluid and solid in 
the body. It must be remembered, however, that a mix- 
ture of all of these constituents of food is essential to the 
formation of a nutritious diet, and, moreover, that there 
must always be a certain amount of sapidity or flavour in 
the food. We should turn with disgust from a mess con- 
sisting of these constituents, even in proper proportions, if 
it were not properly cooked. The best example of a natural 
food is milk. It contains water, albumen in the form of 
casein or cheese, fat in the form of butter, sugar, and various 
salts. Hence it is nature^ food for all young animals of the 
mammalian group. 

75. Conditions determining the quantity of Food, — ^These 
are : (i) the amount of oxygen in the atmosphere and the 
temperature ; (2) the amount of mental and bodily exertion ; 
and (3) the activity of growth. Exercise and exposure to 
cold sharpen the appetite, and thus lead to more food being 
taken. It is also well known that dwellers in the arctic 
regions not only eat a great deal of food, but of that kind 
which, by oxidation by the oxygen of the air, is heat-pro- 
ducing — namely, oleaginous matter. On the other hand, 
the inhabitants of the tropics eat sparingly, and chiefly of 
products rich in carbo-hydrates (that is, substances com- 
posed of carbon, hydrogen, and oxygen, with enough of the 
latter to oxidise the two former), such as starch, sugar, &c. 
In a temperate clime, something between the two extremes 
is found to be most conducive to health. 

76. Food and Work. — It is evident that the amount of 
food must have some direct relation to the work done by 
the individual. Hard work means expenditure of matter 
and energy, and these must be supplied by food. The fol- 
lowing table shews the quantities, in ounces avoirdupois, of 
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the different materials of dry food required under different 
circumstances : 

.N«u«ofU«Di.t Ni|TO^-- Fa.. ^^^ Salts. TotaL 

Bare subsistence diet 2*33 0*84 11 -69 ... I4'86 

Adult in full health, with 

moderate exercise. 4*215 1*397 i8'96o 0'7i4 25'286 

Active labourer, not over- 
worked 5'4i 2»4i 17*92 o«68 26*42 

Hard-working labourer, 
navvy S'64 2-34 20*41 0*68 29*07 

Add to each of these from 60 to 80 ounces of water, 
taken either alone or as part of the food in a succulent or 
cooked state. Thus it would appear that in ordinary life, 
and with a fair amount of labour to perform, .a healthy adult 
requires about 28 or 30 ounces of dry nutritious food per 
diem, along with about 70 ounces of water. 

yy. Different kbids of Food, — The nutritious value of 
different articles of diet depends (i) on their digestibility ; 
and (2) on the amount they contain of the proximate con- 
stituents which are required for nourishing the body. There 
are great differences in the percentage composition of food, 
as may be seen on studying the following table : 

TABLE SHEWING THE PERCENTAGE COMPOSITION OF VARIOUS 

ARTICLES OF FOOD {Pavy), 

Nature of Food. Water. Albumen. Starch. Sugar. Fats. Salts. 

Bread 37 8*i 47*4 3*6 1*6 2*3 

Whejat flour 15 io*8 66*3 4*2 2*0 1*7 

Oatmeal 15 12*6 58*4 5.4 5*6 3.0 

Rice 13 6*3 79*1 0*4 0*7 0*5 

Potatoes 75 2*1 i8'8 3*2 0*2 0*7 

Peas 15 23*0 55*4 2*o 2*1 2*5 

New milk 86 4*1 ... 5*2 3-9 o*8 

Cheese 36*6 33.5 24*3 5*4 

Beef 51 14.8 ... ... 29.8 4.4 

Pork 39 9.8 48.9 2*3 

Poultry 74 2i*o ... ... 3.8 1-2 

White fish 78 i8*i ... ... 2*9 1*0 

Egg 74 14.0 10.5 1*5 
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A glance at the preceding table will also shew that the 
habit of combining different articles of diet, such as bread 
and butter, beef and potatoes, chicken and ham, &c. is 
physiologically correct It also shews that oatmeal porridge 
and milk make a highly nutritious diet 

We shall now describe the steps in the process of 
nutrition. 

MASTICATION. 

78. Mastication is effected in the cavity of the mouth by- 
means of the teeth, which fit into sockets in the upper and 
lower jaw-bones (fig. 8, p. 12 ; also fig. 53, p. 63). The upper 
jaw is immovable, or only movable with the entire head ; but 
the lower jaw, with its teeth, is capable of moving upwards, 
downwards, backwards, forwards, and laterally, by means 
of the powerful muscles of mastication. It is by the varied 
movements of the lower teeth against the upper, through 
the action of these muscles, that food is broken down or 
masticated. The tongue also, moved by its muscles, gathers 
together the food from below the dental arches, and crushes 




Fig. 52. — ^The separate Human Teeth as they occur in the half-jaw of the adult : 
a, incisors ; b^ canine ; c, bicuspids ; d, molars. 

it against the palate. In the adult there are 32 teeth, 16 
in each jaw, and 8 on each side. There are from before 
backwards, beginning in the middle line of the jaw, 2 
incisors or cutting teeth on each side; i canine or eye- 
tooth, for seizing; 2 premolars or bicuspids, for tearing; 
and 3 molars or grinders, for crushing and breaking up the 
food (fig. 52). The body and greater bulk of each tooth 
consists of a substance called dentine (fig. 53» b\ composed 
of branching tubes ; the top or crown is covered by a cap 
of enamely a very hard substance, made of small hexag- 
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onal prisms (fig. 53, a, and fig- 54) ; and the &ng or root 
is protected by a layer of a material resembling bone, called 
crttila pelrosa or (^ment (fig. 53> c). Is the centre of each 





Pig. 64.— a, Ru&u of eiund prims ; 
nei; i, tvo priSBt inliitel 

mcDt; dt lining of tile cavity in iha 
gnm ; tr bmy Eockct id gum ; ^ 

tooth there is a cavity containing a pulpy matter, in which 
are nerves and blood-vessels (fig. 53,/). 

79. Neraa e/ Oe Tongue.— Thtse me : (I) the Hypoglossal, the 
motor nerve of the tongae ; (z) the lingual branch of ihe fifth, coo- 

' femng sensibility to touch to the anterior two-tbirds of the tongae ; 
(3) the 0ossB-fhatyngeaI, conferring setisifaility both as to touch 
and taste to the posteiior third ; and (4) tbe chorda tympaai, a 
branch of the fadal, which confers the sense of taste on the tip of 
the tongue. 

IirSAUVATION, 

80. Insalivation is effected by the admixture of the secre- 
tions of three pairs of salivary glands (the parotids, the 

sub-maxillaries, and the sub-linguals], and oi the mucus 
secreted by numerous small glands beneath the lining of 
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the cheeks, gums, and tongue, called buccal glands, with 
the triturated food. The salivary glands belong to the class 
of what are called racemose glands, consisting of numerous 

ducts which divide and subdivide 
until they become extremely smaU. 
At the extremities of the ducts there 
are a series of little pouches or 
follicles, lined by the cells which 
secrete from the blood materials 
which they manufacture into saliva. 

Fig. 66.-Ncrvcs tenninat- Recently it has been shewn that cer- 
ing in a cluster of Cells in tain of the filaments of the nerves 
a salivary gland : a, nerve; actually terminate in the cclls, or send 

'i'^.^^i^^f::^ fine filaments amongst them (fig. 55). 

tubes. The common saliva formed by the 

combined secretion of these various 
secreting organs, is a colourless, slightly turbid, viscid, 
inodorous, and tasteless fluid. In the normal state, its 
reaction is alkaline. Saliva does not contain more than 
five or six parts of solid constituents to 995 or 994 parts 
of water. The daily quantity of saliva secreted by an 
adult man is estimated at about 48 ounces, but the activity 
of the salivary glands is dependent upon various influences 
and conditions. Thus, movement of the lower jaw, as in 
masticating, speaking, or singing, increases the secretion 
— acrid and aromatic substances and hard dry food also 
increase it. It is also under the influence of mental 
emotions and desires, through the nervous system, for 
the sight of a feast or tempting dish may make one's 
'mouth water.* 

The uses of the saliva in reference tp digestign are 
partly mechanical and partly chemical. The chemical 
use of the saliva is, by the fermentive action of its active 
principle, ptyalin, to convert the starchy portions of the 
food into grape-sugar, and thus to promote its absorption. 
It also moistens the mouth, and thus assists in speech and 
swallowing. The public speaker cannot articulate when 
his mouth becomes dry, and we cannot swallow a perfectly 
dry powder. 
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81. Nerves of the Salivary Glands. — ^These have been studied 
chiefly in the sub-maxillary gland. It receives nerve fibres from 
three sources — namely : (i) from the facial ; (2) from the sub- 
maxillary ganglion ; and (3) from the cervical sympathetic. When 
the chorda is irritated, the arteries joi the gland dilate, the veins 
pulsate, and the secretion becomes copious and watery. On irri- 
tating the sympathetic, the arteries contract, the circulation 
becomes slower, the veins are filled with black blood, and the 
secretion becomes tenacious and scanty. The filaments of the 
sympathetic would appear to be vaso-motor, that is, governing the 
vessels ; while those of the chorda influence the secretion directly. 
The filaments of the lingual branch of the fifth, distributed to the 
mouth, carry impressions, say of contact or sapidity, to the centre 
in the brain ; from thence the influence travels along the chorda 
to the gland, and secretion is the result. The sub-maxillary 
ganglion acts as an intermediate centre from which the impression 
may be reflected without going to the brain. This mechanism 
serves as an illustration of the relation of the nervous system to 
secretion. 

DEGLUTITION. 

82. Deglutition is the act by which the food is trans- 
ferred from the mouth to the stomach. The mouth leads 
into a cavity called the pharynx. Between it and the 
mouth is the pendulous or soft /a/^/^, .which is a movable 
muscular partition that separates the two cavities during 
mastication. As soon, however, as the latter act is accom- 
plished, and the bolus is pressed backwards by the tongue, 
the soft palate is drawn upwards and backwards, so as to 
prevent the food passing into the nose. The opening of the 
windpipe is closed by a lid called the epiglottis. The bolus 
or pellet of food having arrived near the oesophagus or 
gullet (which is continuous inferiorly and posteriorly with 
the pharynx), is driven into it by the action of certain 
muscles, which almost surround the pharynx, and are 
termed its constrictor muscles. All voluntary action ceases 
as soon as the food is pressed backwards by the tongue 
into the pharynx. It is impossible to recall the pellet, and 
it is necessarily carried on (without even our cognisance) 

into the stomach. This involuntary mechanism is called a 

E 
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n^x action. All reflex actions lequire a stiiniilas to call 
the parts into aaion. The stimulus in this case is the 
contact of the food with the 
luck of the tongue and throat. 
It will be found on experiment 
that the reader cannot perform 
the action of swallowing if 
nothing, not even saliva, is in 
his mouth. 

83. T^ Ncrvoui Arranganatit 
in Dt^utithn.—Tim is an excel- 
lent example of a r^a aOum, the 
nature of which may be here 
shortly described. The condidons 
of ereiy leflex actioD are : (i } a 
cmtre nsnalljr in some part of the 
centnJ neiToas system ; (2) an 
aHerent or sensory nerve, to cairy 
impressions towards the centre (fig. 
57, A, arrow) ; and (3) an efferent 
or motor nerve, to cany impres- 
sions ontwards from the centre. 
Suppose in fig. 57 a 





Pig. 56- — Diacnm of the Hvman I^- 5T-"l^^'£ram afaewiuc tbe mecfa- 
AHaKDEaiyCuisit ^ <hK»phagui; uuim of a simple reflu actiDn: i. 

pylorus -, e, small iDlcstiDC ; /, 9, muscle ; A, sensory, ceolripeUl 

lH]iaTydiict;f,paDacaticdiict; A, Tierve, or aflerent nerre ; B, reflex 

ucendmgcolcAi^&aiUTCrsecolcni; centre; C, motor, centrifugil. or 

], dcscc n dbg colon ; k, loctum. eSerent tterre. 

applied at l, an impression is carried by A to B, and fi-om B refitcttd 
or transmitted along C to z, a muscle, and the consequence is a 
muscular contiBctioii. This is an automatic mechanism beyond 
the control of the will, and is called an acito-molor act. Usually the 
ccmdidons are more complex. Thus there may be numerous sensory 
■nd motor nerves, and even more than one centre, involved, as in 
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d^lutition. In the latter, the excitor impressions are carried to the 
medulla obUmgeUa chiefly through the glosso-pharyi^eal, and also 
along branches of the fifth, distributed to the back of the throat, 
and along the superior laryngeal branches of the pneumogastric 
from the phar3aix. The motor influence passes along the pharyn- 
geal branches of the pneumogastric, along branches of the hypo- 
glossal to the muscles of the tongue, along the motor filaments of 
^e recurrent laryngeals, through some branches of the fifth, along 
branches of the fadal, and probably along some branches of the 
cervical plexus. • 

84. The food is carried down the oesophagus or gullet to 
the stomach by a peculiar vermicular contraction of its 
muscular fibres, well seen when a horse is drinking water. 
This kind of movement is called a peristaltic action. 

' DIGESTION IN THE STOMACH. 

85. General Description of Alimentary CandL — The whole 
of the alimentary canal below the diaphragm, or muscular 
partition which separates the cavity of the chest from that 
of the abdomen or belly (fig. 25, O, p. 28), possesses the 
following points in common, in relation to structure. The 
stomachy the small intestine, and the large intestine, are all 
lined by mucous membrane, have a muscular coat of involun- 
tary muscular fibres, consisting of two sets of distinct fibres 
— ^namely^ circular fibres which surround the tube or viscus 
after the manner of a series of rings, and longitudinal 
fibres running in the same direction as the intestine itself — 
and are invested with a smooth, glossy, serous membrane, 
which, while it retains the viscera in their proper position, 
also permits their necessary movement with a minimum of 
friction. 

86. General Description of Stomach, — The human stomach 
is an elongated curved pouch (fig. 56, c\ lying immediately 
below the diaphragm. It is very dilatable and contractile^ 
and its function is to retain the food until it is duly acted 
upon and dissolved by the gastric juice, which is secreted 
by glands lying in its inner coat, and then to transmit it, 
in a semi-fluid state, into the first part of the small intestine, 
called the duodenum. Its average capacity is about five pints. 
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87. Description of Mucous Membrane of Stomach, — ^The 
mucous membrane, or lining coat of the stomach, is thick 
and soft, and lies in irregular folds, in consequence of the 
contraction of the muscular coat, unless when the organ is 
distended with food. On opening the stomach, and stretch- 
ing it so as to remove the appearance of folds, we perceive 

numerous very shallow pits or 
depressions (fig. 58, A). The 
rest of the thickness is chiefly 
made up of minute tubes (fig. 58, 
B), running vertically towards the 
sur&ce of the stomach, and 
secreting the gastric juice from 
the blood in the capillaries 

r,g.6a-A. inner surface of the ^^ "^i^^'e blood-vessels which 

stomach, shewing the cells after abound in the mucous membrane, 
the mucus has heen washed These tubes* are lined half-way 
T ^^^ ^:^ down with epithelial cells (fig. 58, 

middle of the human stomach, ^, ^), and the bottom iS during 

magnified highly: a, waU of digestion filled with molecular 
the tuhe, lined wiUi huge oval matter and a few cdls, ^. other 

nucleated cells ; b, the same ,j i^j 

cells isolated; c, nucleated tubular glands are also found 
cells of columnar epithelium, in the stomach, which are 
occupying the upper parts of believed to secrete mucus. 

the tubes; d, bhnd extremity oo a a' t^ j ' c-j i. 

of the tube. ^o- Actton on Food tn Stomach. 

— ^When food is introduced into 
the stomach, it is subjected to three actions — first, to heat, 
the temperature of the stomach being, during digestion, 
about 99® F. ; second, to a slow movement round and 
round, so as to bring the food into contact with the lining ; 
and, third, to the chemical action of a special fluid — the 
gastric juice. 

The food on entering the stomach first passes into the 
cardiac end, thence along the greater curvature from left to 
right to the pyloric end, and from thence along the lesser 
curvature from right to left 

89. The changes in the mucous membrane are : The 
inner surface of the healthy fasting stomach is of a paler 
pink than after the introduction of food, which causes the 
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exudation of a pure, colourless, viscid fluid, having a well- 
marked acid reaction. This fluid, which is the gastric 
juice, collects in drops, which trickle down the walls, and 
mix with the food. Its two essential elements are : (i) a 
free acid, which in some cases seems to be hydrochloric 
alone, and in others a mixture of hydrochloric and lactic 
acids ; and (2) an organic matter called pepsiuy which is 
highly nitrogenous, and allied to the albuminates. 

90. Action of Gastric Juice, — ^The uses of this fluid are 
not only to dissolve but also to modify the nitrogenous 
elements of the food (such as albumen, fibrin, casein, and, 
in short, all animal food except fat), converting them into 
new substances, termed peptones, which, although they 
coincide in their chemical composition, and in many of 
their physical properties, with the substances from which 
they are derived, diff"er essentially from them in their more 
ready solubility in water, in their power of rapidly dialysing, 
or passing through animal membranes, and in various 
chemical relations. 

The gastric juice exerts no action on the fats and the 
carbo-hydrates (sugar, starch). If the fats or starches are 
in cells, the walls of which are formed of albumen, the walls 
are dissolved, and the contents set free. 

91. Case of Alexis St Martin, — ^The process of gastric 
digestion was studied in 1838 by Dr Beaumont and others 
in the remarkable case of Alexis St Martin, a man who 
had an injury which left a permanent opening into his 
stomach, guarded by a little valve of mucous membrane. 
Through this opening, the mucous membrane could be 
seen, the temperature ascertained, and numerous experi- 
ments made as to the digestibility of various kinds of food. 

92. Absorption in the Stomach, — What becomes of the 
matters that are thoroughly dissolved in the stomach? 
The albuminates, &c. which are converted into peptones, 
are for the most part taken up by the blood-vessels of the 
stomach, and by another set of vessels in the bowel called 
the lacieals. The rapidity with which aqueous solutions 
of iodide of potassium, the alkaline carbonates, lactates, 
citrates, &c. pass into the blood, and thence into the 
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urine, saliva, &c. shews that the absorption of fluids must 
take place very shortly after they are swallowed ; and there 
is little doubt that the blood-vessels (capillaries) of the 
stomach constitute the principal channel through which 
they pass out of the intestinal tract into the blood. 

93. Time required for Digestion. — There can be no doubt 
that the stomach is admirably adapted for the digestion of 
the food introduced into it, because it has been shewn by 
numerous experiments that digestion will go on in gastric 
juice out of the stomach, but that it requires three or four 
times longer a period than when performed by the stomach 
itself. In the stomach, in most individuals, rice and tripe 
are digested in one hour ; eggs, salmon, and venison in one 
and a half hours ; tapioca, liver, fish in two hours ,* lamb, 
pork, and turkey in two and a half hours ; beef, mutton, and 
fowl in three and a half hours ; and veal in four hours. 
There are, however, considerable differences in various indi- 
viduals, or even in the same individual at different times. 

94. Conditions favourable for Good Digestion, — ^These are : (r) a 
temperature in the stomach itself of about 100° F. ; (2) constant 
movement of the walls of the stomach, so as to bring the food thor- 
oughly into contact with the mucous membrane and gastric juice ; 
(3) the removal from time to time of such portions as have been fully 
digested ; (4) a state of softness and minute division of the food ; 
(5) the quantity of food taken — ^the stomach should be moderately 
filled, but not distended ; (6) the time which has elapsed since the 
last meal, which should always be long enough for the food of one 
meal to have completely left the stomach before another is intro- 
duced ; (7) the amount of exercise previous and subsequent to a 
meal, gentle exercise being favourable, wliile over-exertion is 
injurious ; (8) the state of the mind, tranquillity of temper favouring 
good digestion ; (9) the general state of the bodily health, the stomach 
of an invalid not being usually so fit for digestion as that of a 
person in robust health ; and (10) the period of life, digestion being 
more active in the young than in the old. 

95. Forfn of the Stomach in various Animals, — ^The form and 
^mensions of the stomach correspond to the kind of food on 
which the animal lives. Carnivorous animals, such as the hyena 
(fig' 59} B), have a simple Stomach, as their food is easily digested ; 
while those which Hve on vegetable food, or herbiz/ora^ such as a 
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shetf, have complex stomachs, in which the food, so nnlilce the 
tissues of the body, may be thoroughly macerated and acted on 
by the gastric juice. „ 

lo the ruminant, the ^-- ~-Jr iTi nt^ IV l^Kl" 

food, when first swal- (J. /(v fl^J] \\ £\ I \ 
loweij, passes into r"^ 73 \ V 1 \^\ 1 

IheniBwi orpannch y^ y — ^T^i Dj 1 ^i v*. I 

(fig.8ftA,.).where >^=^ 'C^kHA \W 

It is miied with /^XT3--' ) ni / 

water and aUowed to /f ( \ J \_J \\ 

^m or honeycomb j^_ aft-SMn«hs of ™iou. Ani^l.: A, .h«pi 
bag, 3, is a kind of B, hrcoa : C, hunstei ; D, lal ; E, a ubDon : a 
addeodom or diver- cardiac openuig or lower end of osophaguB; b, 
liculmn to the rumen, pyloric openingwbiginmnB of duodenum. InA, 
and it appears to be ^ rttkulaoit - i ">■■• a—an, or n^mSiM ■ aiul 
specially connected ^^ ihe t^Ktmatum or true stomach, 
with miidiiB the food 

with water. After a time, the food passes up into the mouth in the 
form of balls or boluses, where it is thoroughly masticated. This is 
the act of ruminaHon. It is swaUowed a second time, but it now 
passes into the omasum or manyplies, 3, where it is triturated and 
strained from excess of fluid. It then passes into the abemiaum oc 
true stomach, 4, where true gastric digestion takes place. The 
stomach of inan much resembles that of camivcia. 



96. After the food, by digestion in the stomach, has been 
converted into a semi-fluid mass called the chyme (Gr. 
chymes, juice), it passes into the intestine. The length of 
the human intestine is usually about twenty-five feet. As a 
general rule, it may be stated that the intestines of herbivora 
are much longer than those of camivora. This is due to the 
nature of the food. In those animals, such as the ox, which 
live on a food very different, physically ajid chemically, from 
the tissues of the individual, a complicated digestive appar- 
atus and a long intestinal tube will be found ; whereas those 
which live on food readily converted into their own tissues 
(such as a weasel, which preys on the blood of other animals), 
have a simple digestive apparatus and a short tube. 
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97. General Description of Inles/in^.— The human intes- 
tine consists of a convoluted tube, which, from a great 
change in calibre in two different parts, is divided into (l) 
the small intestine, and (2) the great intestine (fig. 25, p. 
28). The small intestine is about twenty feet in length, 
and is divided by anatomists into three portions — the duth- 
denum, jejunum, and ileum, the last Opening into the great 
intestine. The whole of this tube is connected with the 
back of the abdominal cavity by a thin web, called the 
mesenlety, on which blood-vessels, nerves, and absorptive 
vesseb called lacteals, ramify before penetrating into and 
supplyii^ the bowel 

1 Microscopical Strjtclure of Mucous Memirane. — 




When the small intestine is slit open, it presents a large 
number of transverse folds, called vahultx eonniventes. 
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which are simply doublings of the mucous membrane, so 
as in little space to increase the surface for absorption. 
It has also a peculiar velvety appearance, which is due to 
the fact that it is covered over by innumerable small pro- 
jections termed villi (fig. 60, ^). They are more numerous 
in the upper than in the lower portions of the bowel. When 
examined by the microscope, they are found to be prolonga- 
tions of the mucous membrane, shaped like the finger of 
a glove, and each is covered by a layer of epithelial cells 
(fig. 61, tf, e). Of these there are two kinds : (i) the columnar 
epithelial cell (fig. 61, a a), and (2) a peculiar cell, with an 
open mouth, called a goblet cell (fig. 61, e). In the centre 
we find the commencement of the true absorbent vessel, 
called a lacteal (fig. 61, d\ and surrounding it a network 
of vessels of very minute size. The villi in the small 
intestine are to a certain extent comparable to the delicate 
rootlets of a plant. The latter absorb moisture and 
soluble nutriment from the soil, while the former are 
bathed in a nutritious fiuid, the chyme, and absorb readily 
fluids by the blood-vessels, and fatty matters by the 
lacteals. We find also scattered in large numbers over the 
mucous membrane, minute tubular glands called Lieber- 
kuhnian glands^ after the anatomist Lieberkiihn, who first 
described them (fig. 60, b). In the uppej^t'^ut of the 
duodenum, there are a few glands, like smailclusters of 
grapes, called Brunner's glands, the function of which is 
tmknown. 

The great intestine, about five or six feet in length, is so 
termed because it is so much wider than the smaller one. 
It is also divided into three parts : the ccecum, which is a 
wide pouch, often of great size in herbivorous animals, and 
into which the small intestine opens, the entrance being 
guarded by a valve ; the colon, which forms the greater 
part of the large intestine; and the rectum, which is 
situated entirely in the pelvis, and terminates in the anus. 
The great resembles the small intestine in general respects. 

99. Functions of Villi, — There is abundant evidence 
that the function of the villi is connected with absorption, 
and mainly with the absorption of fatty matters, (i) The 
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villi exist only in the small intestine wbeie tbe absorption 
of food goes on. (2) Tfaey are tu^d, enlarged, and opaque 
during the process of digestion and absorption, and small 
and shrunken in animals that have been kept fasting for 
some time before death. 

loa Functions of Muscular Coat. — The function of the 
coats is to propel the food along the boweL This they 
perform by alternate contractions and Telaxations, and 
thus a wave-like motion is produced. This motion may 
be readily seen in the intestines of an animal recently 
killed, and is termed a peristaltic action. 

In tbe wills of the bowel, numerans minnte ganglia and net- 
works of nerves hive been discovered, Tliese nerves are distrib- 
uted to tbe muscular fibres and to tbe glands, and tbe gajiglia may 
act as local centres for reSei movements. Tbe ganglia are also in 
connection with the cerebio-spinol and sympathetic systems of 

roi. Action of Fluids in Small Intesline.—^ffhen the 
food, reduced to a pulpy mass in tbe stomach, termed 
chyme, passes into the duodenum, it is mixed with three 
fluids — the bile, the pancreatic juice, and the intestinal juic& 

102. Function of the Bile in Digestion. — The bile is an 




Fig. 63-— Tbe under lui&ce oT Ihe Stontach and Ijver, which aie raisal lo 
ghew the Duodetuua ajid Padcma : rt, Btomach ; f, its pyloric end ; /, 
liver ; g^ gaU-bUdder ; d, daodcaiuo, extending fiom the pyloric end of the 
■tomach to the front, where the superior meaenlcric artHy [fm) aoma the 
inteatines ; fit, puict«as ; tp, spleen ; d, abdominal aorta. 

alkaline fluid secreted by tbe liver (the structure of which 
will be described in connection with the subject of excretion. 
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with which it has chiefly to doX and, after having been 
collected in the gall-bladder (fig. 62, g)^ finds its way into 
the upper part of the small intestine by a duct, which 
usually unites with that of the pancreas, pa^ and opens by 
a common orifice. As it flows from the liver, the bile is 
a thin greenish-yellow fluid, sometimes olive-brown ; but 
when acted on by the gastric juice, it acquires a distinctly 
yellow or green hue, hence the appearance of vomited bile. 
Its main use seems to be (i) to promote the digestion of 
fatty matters, and it accomplishes this end by a peculiar 
physical action both cm the fats and on the intestinal 
walls, disintegrating the former, and impressing on the 
latter (by moistening the villi) a peculiar condition which 
facilitates the absorption of fatty matters. (2) The bile 
separates nutritious matters from those which are non- 
nutritious, while it (3) stimulates the muscular movements 
of the bowels and (4) arrests putrefaction in the faeces. 

103. Function of the Pancreatic Juice in Digestion, — The 
pancreatic juice is secreted by a long, narrow, flattened 
gland called the pancreas^ or sweetbread, which lies deeply 
in the cavity of the abdomen, immediately behind the 
stomach (fig. 62, /a). It is a lobulated or racemose gland, 
consisting of dn immense number of small pouches grouped 
round the extremities of small ducts. These ducts unite 
with others, becoming larger and larger, until the great 
duct of the gland is formed. The secretion is a colourless, 
clear, somewhat viscid, and ropy fluid, devoid of any special 
odour, and exhibiting an alkaline reaction. It contains a 
peculiar principle called pancreatin. The function of the 
pancreatic juice is (i) to emulsionise the fat of the chyme, 
and thus promote its absorption. If the duct d the 
pancreas be tied, and fat be taken as food, a large amount 
of it will appear in the faeces; and the same result has 
been seen in the human being in cases of diseased pancreas. 
The juice appears not only physically to emulsionise the 
fats, but chemicalfy to split them up into glycerin and a fatty 
acid. (2) The pancreatic juice also converts any starchy 
matter, which may have escaped the action of the saliva, 
into grape-sugar. (3) It acts partially on the albuminous 
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matters, splitting up the peptones into simpler bodies, such 
as leucin and tyrosin. 

104. Function of the Intestinal Juice, — Of the last of the 
fluids poured into the intestine, the intestinal juice , we know- 
little. It is the aggregate secretion of the various glands 
which occur in the walls of the smaller intestine. It is a 
colourless, or sometimes yellowish, ropy, viscid fluid, which 
is invariably alkaline. It seems to unite in itself the 
leading properties of the pancreatic and gastric juices ; 
that is to say, it resembles the former in converting starch 
into sugar, and the latter, in converting albuminous bodies 
into peptones. 

105. Function of Great Intestine. — The line of demarca- 
tion between the small and large intestine is very obvious, 
and by the peculiar arrangement of the ileo-ccecal valve^ 
which guards the entrance of the small into the great 
intestine, matters are allowed to pass forward with facility, 
while regurgitation is impossible. Structurally, the great 
intestine has no villi, and is more capacious, though mudi 
shorter than the small intestine. Its contents differ very 
materially from those which are found in the small in- 
testine, and constitute the fceces. They are more solid and 
homogeneous, and are often moulded into a definite shape. 
The only essential change which the matters in the great 
intestine undergo in this part of their course is, that they 
increase as they pass onward in solidity, in consequence of 
the absorption of fluid from them by the vessels of the 
mucous membrane. They are propelled onwards into the 
rectum by the vermicular action which has been already 
described, and are at last expelled by a voluntary effort 

The faeces consist partly of undigested materials (such as 
vegetable cellular tissue, fragments of tendon, skin, and 
disintegrated muscular fibre), and partly of matters which 
are derived from the mucous membrane of the great in- 
testine. It is in the great intestine the chyme first acquires 
a faecal odour, which is said to be due chiefly to the 
decomposition of albiuninous matters, and which increases 
in intensity as the material passes along the boweL This 
odour is not due simply to putrefaction, but to the presence 
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of peculiar effete matters, which are thrown off by the lining 
membrane of the bowel* 

The colour of the faeces varies with the food. With a mixed 
diet; they are of a yellowish-brown tint ; on a flesh diet, much 
darker; and on a milk diet, yellow. Their reaction is usually 
alkaline. About four and a half ounces in ordinary circumstances 
are voided daily. 

ABSORPTION OF NUTRITIOUS MATTER. 

io6. As the chyme is propelled along the alimentary 
canal, the watery portion, holding various substances in 
solution^ is absorbed by the blood-vessels^ while the fatty 
matter is taken up by the lacteals. It is believed that this 
absorptive action, so far as the blood-vessels are concerned, 
is really a physical process dependent on osmotic action. 
The absorption of fatty matter appears to depend on the 
activity of the epithehal cells covering the villi. The whole 
of the nutritive material thus separates itself into two parts : 
one which passes directly into the blood, and the other 
which enters the lacteals, and in these becomes a milky 
fluid called the chyle. It is important to remember that all 
the blood circulating in the digestive organs, and taking up 
soluble nutritive matters, must pass through the liver before 
entering the general circulation, and from it the cells of 
the liver select and elaborate their secretions. But the 
chyle passes into the blood indirectly. 
It is first conveyed to numerous glands s^^i 
in the neighbourhood of the intestines, J|| 
called mesenteric glands (see Sanguifi- fP^I 
cation). Before entering these glands * "^ 
it is a milky fluid, essentially molecular ; 
but after it has passed through the glands ^^^f-';;,^™^;^^^^^^^ 
it is found to contain small granular cells, pusdeslying amongst 

somewhat similar to colourless blood- molecular matter; on 

cells, tenned chyU corpuscles, along with tt^X'ZI^ 
much molecular matter, known as the tion of acetic acid. 
molecular basis of the chyle. Before 
passing through the glands, the chyle does not coagulate 
on heating, but after doing so it coagulates readily. The 
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lacteal vessels proceeding irom these glands unite with 
corresponding sets of vessels from the lower limbs, called 
lymphatics^ in a wide cavity opposite the last dorsal ver- 
tebra, the recepiaculum chylu From this cavity a duct, the 
thoracic duct, ascends through the thorax, receives branches 
from the left arm and left side of the head, and unites with 
the venous system at the root of the neck on the left side, 
the point of junction being where the left internal jugular 
vein unites with the great vein of die left arm, the left sub- 
clavian. The lymphatics of the rest of the body unite to 
form the right lymphatic duct, which joins the venous 
system at a corresponding point on the opposite side of the 
root of the neck. The whole of the chyle, therefore, passes 
into the blood at the root of the neck ; from thence it goes 
through the right side of the heart to the lungs, where the 
corpuscles probably acquire colour, and become the coloured 
corpuscles of the blood. This, however, is still a doubdul 
point 

SANGUIFICATION. 

107. By this term we mean the making of blood. In the 
lowest animals, such as in the amoeba, we find no cir- 
culating nutritious fluid. When we ascend higher in the 
scale, we find a colourless fluid containing molecules moving 
in certain definite directions by the action of cilia in the 
general cavity of the body, as in a sea-anemone. Still 
higher we meet with a colotuless fluid circulating in vessels, 
frequently communicating with the body-cavity, and pro- 
pelled by a special contractile organ, as in the sea-urchin or 
ascidian; and at last we meet with a coloured fluid, cir- 
culating in vessels separate from the body-cavity, and having 
a propelling organ, or heart, of more or less complex 
structure, as in all the vertebrata. 

108. Source of Blood. — The blood, in the higher animals 
and in man, is derived from five sources : (i) from materials 
absorbed by the lacteals in the primary digestion of the 
food in the alimentary canal (chyle) ; (2) from soluble 
matters, such as water, soluble mineral matters, sugar, and 
peptones, absorbed by the blood-vessels, and first of all 
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sent diTougfa the liver ; (3) from the matters formed 
by certain glands called blood-glands, found in vaiions 
parts of the body ; (4J from materials re-introduccd into 
the blood from the tissues — products of the decomposition 
and solution of portions of these tissues consequent on 
their vital activity (lymph) ; and (5) from a small amount of 
matter which may bp absorbed by the skin. 

109. The Blood-glands. — The so-called blood'^lands are 
— flie spleen, a large organ found almost in juxtaposition 
with the left end of the stomach ; the suprarenal capsules, 
two organs found 'in the lumbar region, one on the top of 
each kidney , the thymus, a gland found m the thorax, 
immediately bdmd the breast-bone, of larger sue before 




Pig, 64-— Section of a Lynplutic Gland : a, a, ifrong Ebtoui capsule tendiag 
panicunis into the gland ; j, partitions between the foUidei or pouchet of the 
curtical or outer portion ; c, paitilions of the midullary or central portion : 
d,i, masses of pnilo-plasmic matter in tlie pouches of the gland i^/Jjmpb- 
Tesseli ^lich being lymph to the gland, pasuog into its centre : gi oonfluenco 
of those leading lo the efletent vesiel, k, irtiich caDia the lymph aia.-}Jrem 
the gland- 
birth and during the earher years _of life than during adult 
life ; the thyroid, a gland existing in front of the box of the 
larynx ; the pituitary and pineal glands, found in the brain ; 
HsR glands of Peyer, in the mucous membrane of the small 
intestine ; and lastly, the lymphatic glatuis, which we find 
in many parts of the body, such as in the groin, the armpi^ 
and the neck. The structure of a lymphatic gland will be 
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understood from the description of fig. 64. All of these 
glands agree in certain points of their anatomy : they have 
no ducts to carry off the secretion, except we regard as 
such the numerous lymphatics by which they are supplied ; 
they consist essentially of shut sacs, containing numerous 
molecules, nuclei from which cells may be developed, and 
fully formed cells resembling white blood-corpuscles ; and 
finally, they are richly supplied with blood-vessels, lym- 
phatics, and nerves. That they are really connected with 
the formation of blood, more especially of the colourless 
corpuscles, is probable from the fact, that in a disease 
known as leucocythamia^ in which there is a great increase 
in these cells, we find also that one or more or all of the 
blood-glands are much enlarged. 

I lo. Nature of Lymph, — The various tissues of the body are nour- 
ished by blood brought into close proximity to them by minute 
vessels termed capillaries^ While the blood is passing through the 
capillaries, part of it transudes through their walls to nourish the 
tissues. A portion of this fluid ot plasma is taken up by the tissues, 
and the other portion is left behind, constituting the fluid found in 
almost every tissue, to which it owes its softness and moistness. The 
tissues perform certain functions, and in doing so undergo disinte- 
gration, and their materials pass into a fluid condition. This fluid 
matter resulting from the disintegration of the tissues, together 
with the excess of nutritious fluid which has transuded from the 
vessels, is called lymphy and is taken up by the commencements of 
a number of minute vessels termed lymphatics. The lymphatics 
carry the lymph to glands distributed here and there throughout 
the body, called lymphatic glands, where it is acted upon in such a 
manner as to fit it for being carried back again into the blood. 
Thus the Ijrmph results partly from matters produced by the tear 
and wear of the tissues, and thus the economy uses up, as in a 
manufactory, its waste products as far as possible. The kernels or 
sv^ellings in the arm during a whitlow, or after poisoning, are 
swollen lymphatic glands. The lymphatic glands of the mesentery, 
or web connecting the bowel with the body, elaborate chyle, not 
iymph, and are termed mesenteric glands. 

III. Structure of the Spleen. — ^This is the largest and most im- 
portant of the blood-glands. It is of an oblong flattened form (fig. 
62, spy p. 74), soft, of very brittle consistence, highly vascular, of a 
dark bluish-red colour, and situated near the cardiac or left end 
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of tbe Stomach. On cattii^ into it, a section shews the presence 
of numerous librous bajida termed trabtailis, united aX numerous 
points with one another, and ruimiiig in all directions. The far- 
tntkyma, or proper matter of the spleen, occupies the interspaces 
of the above-desciibed areolar framework, and Is a soft pulpj 
mass of a reddish-brown colour, consisting of coloured and colour- 
less blood- corpuscles, and much molecular matter. The venous 
blood of the spleen is carried away by the splenic vein, which 
contributes (o form the great portal venous system cairying blood 
to the liver ; while arterial blood is supplied by the splenic 
artery. The branches of the latter subdivide and ramiiy like the 
branches of a tree (fig. 69), with the Malpigkian or sflcnk cor- 






tig. B&— PoRioii of SplEnic Arlecy, FEj. 66.— Cells from the Spleen Pulp; 

n b ht \avia^ Mklfdghun bodies a. similar la a colaurlsa corpuscle 

aoidicd, f, c, r. of blood; t, nuclested cell; c, bi- 

nuclealed cell ; d, cell oonUkiog 

fiuicla attached to them like fruit (c, c, c). These corpuscles, 
originally discovered by Malpighi, are whitish, spherical bodies, 
ranging from one-third to one-sixth of a line in breadth, and filled . 
with a soft, white, semi-fluid substance, made up of granular 
matter, nuclei similar to those found In the pulp, and a few 
nucleated cells (fig. 66). Various theories have been advanced 
as to the functions of the spleen; but the one most generally 
adopted is, that it has to do with the formation of colourless cor- 
puscles of the blood. Mow it may thus act wc do not know. 
Occasionally, in spleen pulp, we meet with lat^e cells similar 
to d {fig. 66), inclosing two or three cells similar to blood- 
corpuscles. It is to be noted that tbe spleen has been removed 
successfully from animals without any marked disturbance of [he 
system. In these circumstances the other blood-glands probably 
did its work. 
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THE BLOOD AND ITS CIRCULATION. 

112. The blood formed in the manner just described, is 
the most important and most abundant fluid in the body. 
With the exception of a few tissues, such as the centre of 
the cornea of the eye, the nails, and the hair, it pervades 
every part of the body, as may be shewn in tfie case of the 
skin by puncturing any part of it with a needle. The total 
quantity is estimated at about one-eighth of the weight of 
tbe body, or about 20 pounds in a man of average size. 
Its colour is red, but it varies from a bright scarlet in the 
arteries to a dark purple in the veins. When, however, a 
minute drop is examined under the microscope, it is seen to 
be made up of, first, a clear colourless fluid ; and, secondly, of 
a multitude of small solid bodies or corpuscles, which float 
in the plasma. This plasma, called liquor sanguinis, is 
composed of water richly charged with materials derived 
(through the chyme) from the food ; namely, albumen, 
fibrin, various fats, &c. The greater part of the blood — 
about 70 per cent. — is made up of water. It contains a 
very small amount of fibrin, about 7 per cent, of albumen, 
14 per cent, of corpuscles, and the remainder consists of 
extractive matters, fats, and various salts. 

113. Microscopical Appearance of Blood, — The great 
majority of the corpuscles are of a yellowish-red colour, 
and by their enormous number impart a red hue to 
the blood; while a few are white or colourless. The 
red corpuscles have a diameter of about rgVirth of an inch, 
being about ith of that fraction in thickness ; and in form 
they are circular biconcave discs (fig. 67, «), and in freshly 
drawn blood they arrange themselves by contact of their 
flat surfaces into Uttle rolls like piles of coins (fig. 67, e\ The 
colourless corpuscles are larger, globular or irregular in form, 
and present a granulated appearance (fig. 67, d\ Recently 
it has been shewn that these are little masses of living 
protoplasm, capable of spontaneous movement, and that 
they are identical with the corpuscles found in purulent 
matter or pus (p. 33). In all classes of animals the colour- 
less corpuscles are alike ; but the form of the coloured 
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aries, being oval in fishes, reptiles, and birds (fig. 
mammals Uiey are circular, with the exception 





Fie- 67— Blood-CDTiinsda ; a, two 
coloured cot|HAcI« shewing &had- 
oired appearance in Ihc ccditc, indi- 
CHEili£ tnconcavc form; S, corpuscle 

puecle ; J, colourlcu corpuscle 
e, coloared cofpiuclea in rouleaiu. 

of the camels and llamas, where they are oval (fig. 68,/)- 

114. Bleed-corpuscles of Vcmaus Animals. — The coloured blood- 
coiposotes of all mammals have no dqcIcus, swell up and become 
globular on tbe addition of water, and almost entirely disappear in 
weak acetic acid. The coloured corpuscles of birds, reptiles, and 
fishes hare a nucleus which is readily seen on the addition of 
water or acetic add. Acetic acid renders the body of the 
colourless corposde dear and transparent, and reveals the exist- 
ence of two or more nuclei, usually clustered together. 

115, Coagulation of the .5&!)rf,— Shortly after its removal 
from the body, the blood begins to thicken or coagulate, 
and soon separates into two distinct parts, one of them 
being a dark-red jelly or clot, which is the heavier of the 
two, and sinka ; while the other is a cleat straw-coloured 
fluid, called the serum, which covets the clot. This 
depends on the fotmation of a substance called fibrine, 
which forms a meshwork of fine molecular fibres, entangling 
tbe corpuscles. When a coagulum appears, fibiine is 
produced by the union of two substances present ia solution, 
one called JUrittBgen, and the other termed Jibrino-plastic 
substance, the latter probably being a substance known as 
globulin, which forms a large part of the coloured corpuscles. 
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This remarkable property of coagulation is the chief cause 
of the arrest of bleeding from a wound. 

arenlAUon of Uw Blood. 
116- The blood is in constant motion in a definite direc- 
tion during life, and the motion is known as the drculaliott. 
Its true course was discovered by Harvey, about 162a 
The organs of circulation are the heart, arteries, veins, and 
capillaries. We will first briefly describe the structure of 
these, and then treat of the mechanism of the circulation. 

117. T/u Stmelurt of thi Blaod-vasds.—Ol these there are 
three kinds — capillaries, arteries, nod veins. The eapiilaria are 
delicate tubes, about the diameter of a blood-coipusde (tig. 69i <0> 
apparently formed of homi^eneoas transparent membrane, with 
nuclei imbedded here and there in the wall ; bat recent researches 
have shewn that they are composed of flattened cells, adhering 




Fie- 69. -CapillKies of various UK! 
a, capiIUty much magailied and 
icied on by nhnlc or»lvEt, to as la 

>tuw Ihat it ii made up of flUtentd Sig. ?&— An tutaj of m 
ccUs: b, a smaUcT vessel shewing size: a,a,Dpe]iiiigsof bmndiaaiid 



lei: d, li 



capillary froni 



edge to edge (fig. 6A a, b). The edges of these cells may be made 
apparent by nitrate of silver injection (see p. 37). In vessels 
somewhat larger we find oulside of the lining (wliich is Composed 
of endothtliai cells, see p. 37) a delicate, transparent, and fragile 
membrane which lends to curl upon itself from its elasticity. It is 



CIRCULATION OF THE BLOOD. 85 

perforated by numerous small holes. Outside of this there is a 
layer of muscular fibre-cells arranged longitudinally and transversely, 
the nuclei of which are seen after the addition of acetic acid (fig. 70). 
This constitutes what is usually termed the muscular coat. In 
large arteries, we find outside of, and intimately connected with, the 
muscular coat a thick layer of yellow elastic tissue, which gives 
great elasticity to these vessels ; and most externally there is a 
layer of connective tissue. As the vessels are traced towards their 
capillary terminations, they gradually lose their connective tissue 
and elastic coats. In small arteries the wall is composed entirely 
of two layers of longitudinal and circular muscular fibre-cells, lined 
by endothelial cells, and in the ultimate capillary these fibre-cells 
have disappeared, and there is only a thin wall formed of endo- 
thelial cells, as above described. Veins differ from arteries chiefly 
in the comparative thinness of their coats. It is important to 
bear in mind that the predominant feature of the larger arteries is 
dcLsticity^ while that of the smaller is contractility. The ultimate 
capillaries are also independently contractile. 

118. The Position atid Structure of the Heart, — This 
organ is situated in the thorax or chest, between the two 
lungs, and, together with portions of ^the great vessels 
which convey blood to and from it, is inclosed in a 
membranous bag, the pericardium. It is a hollow organ, 
having muscular walls. The following anatomical points 
may be clearly made out on the heart of an ox or of a 
sheep, a demonstration of which will teach far more than 
we can hope to explain in these pages. It is divided 
(fig. 71) by a septum into a right and left half, each of 
which is again subdivided by a transverse partition into 
two compartments, communicating with each other, named 
the aurichy d^ kj and ventricle, a, m. The apex of the 
heart may be felt in the living man between the cartilages 
of the fifth and sixth ribs, a little below and to the inner 
side of the left nipple. 

The heart is a double organ, composed of a right and left 
part, each consisting of an auricle and ventricle. These are 
named, in the order in which the blood passes through the 
heart, right auricle, dj right ventricle, aj left auricle, kj 
and left ventricle, m. Into the right auricle, blood passes by 
the following openings : (i) from the head, neck, and upper 
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extremities by the superior vena cava, /; from the lower part 

of the body by the inferior vena cava, b, and from the 

7i wall of the heart itself by numer- 

Z^^^fT "., / ous small veins. The blood passes 

''''/k^' from the right auricle 10 the right 

*^' ' ventricle through an opening in 

the partition between the auricle 

and ventricle known as the riglU 

auricula • ventricular opening, 

which is guarded by a valve 

called the tricuspid vahe. From 

the right ventricle the blood is 

sent to the lungs through the 

pulmonary artery, i, and it is 

rig. 71.— Theorem^] stctiQD of retumcd from the lungs to the 

the Human Hon: j^ A the , , . , , , ° , 

two vtnie cava, opening into d, '^t auncle by four pulmonary 

tberighlaiiriole;t,ilieniciis{ad veins, e, /, and from thence to 

nire; a, ihe right ventride. (he left ventricle through an 

from whicb pmceedt uie pul- ■ - .i_ . i_ . 

nouiy irtar. dividing into openmg m the septum between 
Imuidieaf ami ipioioE to ihe the auricle and ventricle, called 

right md left lung ropecinely: i^ left aurinilo-ventricular open- 
tt /i the pulmonuy veiu (two , , y- j i 

fa™; dih^il«r««ring U 'm where we find a valve cone- 

ibe lEft ■uride, *; I, the mitiai sponding to the tricuspid on the 

Tilve :«, the left TeniriiJe, right side, but Composed of two 

&«n which proceed. 4e aortt ^ instead of three, and hence 

whoK mch 1) indicated by *, !, , , , ' , *'""'' 

and ihe dearaxiing portion by called the mtlral valve, from its 
B, mine of iu branches being fancied resemblance to the Upper 
imiicattd in ^^l^ part of a bishop's mitre. At or 

cat tin oo, or uphtm, betwoea ,- , . ; .^ ^ , 

Ec right and left hearta. » little abovc the onfices of the 

pulmonary artery and of the 
aorta, we find valves which, from their shapq, arc termed the 
semilunar values. 

The substance of the heart is composed of a spiral arrange- 
tnent of no less than seven layers of musctdar fibre. When 
the ventricles contract, the blood is propelled from them, 
not in a direct manner, but with a sort of spiral motion, as 
if it were really wrung out of the heart 

119. General DescripUen oftke Course of the Circulation. 
—This may be studied with the aid irf a diagram (fig. T^, 
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which is equally applicable for all other mammals as 
well as for man and for birds. The shaded part of fig. 72 
represents structures filled with impure or •aenotis blood, 
while the unshaded portion repre- 
sents structures in which pure oxy- 
genated arterial blood occurs. In 
this diagram we observe a dotted 
circle, representing a closed bag or 
sac, termed the pericardium, and in- 
closing the four cavities, c, v, tf, 1/, 
of which the heart is composed. 
Two of these cavities, c and c', are 
for the purpose of receiving the blood 
as it flows into the heart, and are 
termed the auricles J while the two 
cavities, v and 1/, are for the pur- 
pose of propelling the blood through 
the lungs and general system respec- 
tively, and are termed the ■ventricles. 
The vessels that transport blood into 
the auricles are termed veins j and 
the vessels through which blood is 
driven onwards from the ventricles 
are known as arteries. The dia- 
gram further shews that what we 
commonly term the heart is in reality 
two distinct hearts in apposition with 
each other ; one, shaded in the 
figure, which is called the right, or venous, or pulmonary 
heart ; and the other, unshaded, which is called the left, or 
arterial, or systemic heart, the last name having been given 
to it because the blood is sent from it to the general system ; 
just as the right heart is termed pulmonary from its sending 
blood to the lungs. 

120. We will now trace the course of the blood as indicated 
by the arrows in this diagram, commencing with the right 
auricle, c. The right auricle contracting upon the venous 
or impure blood which has been returned from the body, 
and with which we suppose it to be filled, drives its contents 
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onwards into the right ventricle, v, through an opening- 
between these two cavities, called the right auriculo-ventric- 
ular opening, which is guarded by a valve, named tricuspid, 
from its being composed of three pointed membranous ex- 
pansions, which almost entirely prevents the regurgitation 
or reflux of the blood from the ventricle into the auricle. 
The ventricle, v, being now filled, contracts ; and, as the 
blood cannot return into the auricle, it is driven along the 
shaded vessel, the dividing branches of which are indicated 
hyf. This vessel is known as the pulmonary artery, and 
conveys the blood to the lungs. At its commencement it is 
guarded by valves, termed, from their shape, the semilunar 
pulmonary valves, which entirely prevent the blood which 
has once been propelled into the pulmonary artery from 
re-entering the ventricle. The pulmonary artery gradually 
divides into smaller and smaller branches, which ultimately 
merge into capillaries. In these capillaries, which are freely 
distributed over the external surface of all the air-cells (of 
which the lung is mainly composed), the venous blood is 
brought in contact with atmospheric air, gives off its car- 
bonic acid gas (which is its principal impurity), and absorbs 
oxygen, by which processes it is converted into pure or 
arterial blood. The capillaries, b, in which the blood is 
arterialised, gradually unite to form minute veins, which, 
again, join to form larger vessels, until finally the blood is 
collected into four vessels, known as pulmonary veins (two 
from each lung), which pour their contents into the left 
auricle. Only one such vessel,^, is shewn in the figure, 
because the main object of this diagram is to illustrate the 
mode and general direction in which the blood circulates, 
not to indicate the special vessels through which it flows in 
different parts of the body. The blood, now fitted for the 
various purposes of nutrition, enters the left auricle, ^, which, 
by its contraction, propels it into the left ventricle, z/, 
through the left auriculo-ventricular opening. This opening, 
like the corresponding one in the right heart, is guarded by 
a valve, which, from its form, is termed the mitral valve, and 
which entirely prevents the reflux of the blood. The left 
ventricle, «/, contracts and drives its contents into the large 
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artery, a, whkh represents the aorta — the great trunk — 
-which, by means of its various branches (none of which 
are indicated in the diagram), supplies every portion of the 
body with pure arterial blood. 

131. From the aorta and its various subdividing branches 
the blood passes into the capillaries, e, which occur in every 
part of the system. In these capillaries it undergoes 
important changes, which may be considered as almost, 
enactly the reverse of those which occur in the pulmon- 
ary capillaries ; it parts with its oxygen, becomes chained 
with carbonic acid, and, as it leaves the capillaries and 

Hg. 73- — Diagram shewin|f 
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enters the mjnute veins formed by their union, presents 
all the characters of venous blood. The veins gradually 
unite till they form two large trunks, termed the supe- 
rior and inferior -uena cava, which pour their contents 
into the right auricle— the point from which we started. 
Only one of these great veins, d, is indicated in the diagram. 
We thus perceive that there is a complete double circula- 
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tion ; that there is a lesser circulation effected by the blood 
in its passage from the right to the left heart through the 
lungs, and that there is a great circulation effected by that 
fluid in its passage from the left heart, through the system 
generally, to the right heart. 

122. The position of the larger vessels in the thorax, 
abdomen, and at the root of the neck, may be studied in fig. 
73, with the aid of the description of the figure. 

123. Influence of Elasticity of Arteries on the Circulation* 
— But although the heart is the chief organ for propelling 
the blood, there are other forces at work. When the left 
ventricle contracts, blood is propelled into the aorta, which, 
however, contained blood at the time. This blood is pushed 
forwards, and the aorta dilates. When the propulsive 
power has ceased, the aorta, being a very elastic tube, 
recovers its original calibre. In doing so^ it assists in forcing 
the blood onwards. Thus by successive portions of the 
larger arteries acting in the same manner, dilating with the 
impulse, and regaining their size by elasticity, the original 
mechanical force of the heart, which throws blood into the 
aorta in a series of successive jets, is converted into a uni- 
form wave-like flow, which we term the pulse, l^ht pulse, 
which beats about seventy times per minute, is the change 
produced in the diameter and length of an artery when it 
receives the wave of blood. The effect of the elasticity of 
the vessels is to convert the sudden spasmodic action of the 
contraction of the ventricle into a continuous uniform 
movement Hence in the capillaries, as seen in the web of 
a frog's foot, there is no jet-like movement, but the blood 
flows onward in one continuous stream. 

124. Influence of the Tissues on the Circulation, — The 
tissues also exert an attractive influence on the blood, 
drawing it forwards ; and consequently we find that, 
wherever we have activity of growth in any part of the 
body, there is a determination of blood to that part We 
see this in the congestion which precedes the annual 
growth of a stag's horn. 

125. Action of the Veins, — ^After the blood has passed 
through the capillaries and into the veins, the power of the 
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heart has reached a minimum. The blood is now forced 
along the veins to the heart, chiefly by the pressure of 
the muscles. Many of the veins are pro- 
vided with valves, which are so arranged 
as to allow the blood to flow only to- 
wards the heart ; and, consequently, 
when a muscle contracts and presses on 
a. vein, the blood is propelled forwards 
(tig. 74). Thus muscular exercise assists 
occasionally in removing venous con- 
gestions. 

126. Injhunce of Respiration. — Lastly, 
the movements of respiration affect the open, shewii^ semi- 
circulation ; inspiration, by increasing ''^ ™lves; b, side 
the flow of blood along the great vessels ^^v^ closed* 

to the heart; while expiration has the 
contrary effect. 

127. Rhythmic maotmenis nf the Heart. — The auricles contract 
synchronously, that is, at the same time, and poui their blood into 
the ventricles. When these ate full, they also contract synchro- 
nously, the light sending Uood to the lui^s and Che left to the 
body. 

128. Conditions affecting the Pulse. — Muscular exertion, 
if violent, quickens the pulse. It is more frequent in 
the erect than in the sitting position, and quicker then 
than in the recumbent posture. Sex appears to exercise 
an influence. The natural pulse in the adult male 
varies between 60 and 70 pulsations per minut^ that 
of the female being on an average about 10 beats more. 
In the newly bom infant it is from 130 to 140; in old 
^e, from 50 to 60 ; but occasionally in old age it 
is much more rapid. The pulse is quicker in the 
morning than in the evening ; it reaches its maximum 
about noon, and its minimum soon after midnight 
The pulse is quickened by excitement, and sometimes 
slowed by fear. It is quickened in most diseases, espe* 
dally so in those of a febrile character ; but it is slowed 
usually in jaundice, and in cases of compression of 
the brain. 
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129. Circulation in the Cai>illaries.-—Fcv sights are 
more beautiful than the circulation of the blood in the 

I web of a frog's foot The blood 
flows in a continuous stream, the 
coloured corpuscles chiefly in the 
centre of the vessels, while the colour- 
less (much fewer in number) may be 
observed travelling more slowly at the 
side of the current, and occasionally 
I clinging to the wall of the vessel 
I (see p. 33). It has been estimated 
Fig. 76— Artangemeiit of that the blood flows in the capillaries 
Ill^slS^'"^ ^■°°^' " at the rate of about I inch per minute. 
In an artery it runs probably about 15 
inches per second, and slower in a vein. The arrangement 
of the capillaries of the skin is seen in fig. 75. Each tissue 
and organ has its characteristic arrangement of these small 

130. Influtnci of the Ntrvoia Syittm oa the Heart and Circular 
iioH. — Space will not permit more than a brief outline of our 
knowledge regarding this important matter. All have observed 
how readily the heart is affected in the number of its pulsations 
by mental excitement, and how readily it sympathises with any 
inflammatory stale occiuring in almost any part of the body. This 
indicates that it must be under the control, so to speak, of some 
nervous arrangements. The heart of a frog will pulsate after the 
death of the animal, and even after it has been removed from the 
dead body and laid on a glass plate. This power of independent 
rhythmic contraction Las been shewn to depend on the presence in 
the substance ofthe heart itself of small nerve centres called ^n^^fio. 
If these be destroyed, the rhytbinic movements cease. But recent 
observation has she\vn that the heart, or rather the centres just 
referred to, are under the control of two sets of nerve filaments, 
one set belonging lo the sympathetic system of nerves, and the 
other to the pneumc^astric. If the pneumogastric be cut, the heart 
beats faster, and if the lower end of the cut nerve be stimulated, the 
heart beats slower, or it may stop altogether in a state of complete 
relaxation. On removing the irritation, it may again begin to 
beat. On the other hand, if the sympalk^ic be cut, the heart will 
beat slower, and if the lower cut end be stimulated, it will again 
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beat faster. These facts have led physiologists to the general 
conclusion that the sympathetic is the motor nerve of the heart, 
constantly stimulating the cardiac centres to work, while the action 
of the pneumogastric is the opposite — that is, it tends to restrain 
the action of these centres. This restraining action is said to be 
inhibitory, and the pneumogastric (or rather certain filaments in 
this great nerve) is now called the inhibitory nerve of the heart. 
To illustrate this simply, the sympathetic is to the heart what the 
spur is to the horse, urging him onward, while the action of the 
pneimiogastric is like the bit and bridle, restraining him more or 
less. But the relations of the nervous to the circulatory systems 
are still more complicated. The blood-vessels are under the control 
of a system of nerve filaments in the sympathetic, termed vaso- 
motor , by the action of which on their muscular walls the calibre 
of the vessels is regulated. These vaso-motor fibres briginate in 
the medulla oblongata at the base of the brain, from a spot termed 
the vaso-motor centre. It has recently been shewn that the action 
of this centre may be inhibited (or partially thrown out of gear, as it 
were) by the action of a set of filaments abo in the pneumc^astric, 
which carry impressions upwards from the heart to the brain. These 
filaments, in some animals, form a slender nerve, distinct firom the 
pneumogastric below a certain point, now called the depressor nerve. 
The action of this nerve is probably as follows : Suppose, for ex- 
ample, that the smaller arteries throughout the body were in a state 
of such contraction that the blood could not pass quickly through 
them. In these circumstances the large vessels would become dis- 
tended, the tension of the blood on their walls increased, and the 
heart would have to labour hard to force the blood onwards. When 
this condition occurs, an influence may be sent from the heart, 
along the depressor nerve, to the vaso-motor centre in the medulla, 
the effect of which is to inhibit this centre. The instant the centre 
is inhibited, the smaller blood-vessels relax, the blood flows more 
freely through them, the tension or pressure in the larger vessels is 
diminished, and the heart, having less resistance in front, works 
more easily. Thus we must regard the blood-vessels as a system 
of living tubes subject to such influences of the nervous system as 
the requirements of the tissues and of the heart demand. 

RESPIRATION. 

131. The organs and process of respiration now claim our 
attention. We have already stated that the blood of the 
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arteries differs in colour from that of the veins, the former 
being of a bright scarlet tint, while the latter is purplish in 
colour. The arterial represents pure, and the venous im- 
pure blood ; the change from the former to the latter having 
taken place in the capillaries which form the bond of xmion 
between the termination of an artery and the beginning of 
a vein. The chemical differences between arterial and 
venous blood are slight, except in relation to the gases held 
in solution in these fluids. The two kinds of blood differ 
widely in this respect, there being a smaller quantity of 
oxygen, and a greater quantity of carbonic acid, in venous 
than in arterial blood. 

132. The organs by which the impure and dark venous 
blood is converted into pure, bright scarlet, arterial blood, 
fit for nourishing the various tissues of the body, are the 
lungs, and the agent by which this change is effected is the 
oxygen of the air we breathe. In their simplest form, as 
they occur in certain reptiles, they are mere air-sacs, exist- 
ing as two elastic membranous bag^, having small honey- 
comb-like depressions on their inner surface, communicat- 
ing with the external air by a tube known as the windpipe 
or trachea^ which opens through the larynx or organ of voice 
into the throat These bags are lined by a delicate, thin, 
and moist mucous membrane, in which is imbedded a net- 
work of capillaries, through which all the blobd is in turn 
driven by the heart The moist partition between the blood 
in this network and the air in the interior of the lungs, is so 
thin as to allow an interchange between the gases of the 
blood and the gases of the air — ^that is to say, oxygen passes 
from the air in the air-cells into the blood, while carbonic 
acid gas and aqueous vapour pass outwards from the lungs 
into the air in the air-cells. This is a purely physical phe- 
nomenon, dependent on the laws of diffusion and admixture 
of gases through animal membranes. 

133. General conditions of Respiration, — In the higher 
animals and in man, these essential parts are much compli- 
cated and modified in a variety of ways. The anatomical 
details may be considered under the following heads : 
Firstly^ the lungs must afford by their internal arrangement 
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an immense extent of internal mucous membrane, covered 
by vascular network, through which, as in the simpler form, 
the blood flows in innumerable minute streamlets, only 
separated by an extremely thin membrane from the atmos- 
pheric air that has been inhaled ; secondly, there must be 
such an arrangement of the circulating system, that fresh 
blood may be perpetually driven from the right side of the 
heart through the lungs, and onwards to the left side of the 
heart ; and thirdly, there must be arrangements for the fre- 
quent and regular change of the air contained in the lungs. 
134. Gefieral Anatomy of the Organs, — ^We shall first con- 
sider the lungs and the passages leading to them. The back 
of the mouth or pharynx is connected with the outer air in 
two ways — namely, by the nasal passages and nostrils, and 
by the mouth. Through either of these channels the air 
may pass to and from the lungs, but the nostrils are, prop- 
erly speaking, the entrances to the respiratory system. 
Behind the root of the tongue, we find a chink or aperture, 
the glottis, bounded laterally by two folds of membrane 
called the vocal cords, which may be more or less widely 
separated from each other (fig. 109). This chink or aperture is 
guarded by a leaf-like Ud, the epiglottis, which can be closed 
when expedient, so as to prevent the entrance of particles of 
food, drink, &c The glottis opens downwards, into a box- 
like chamber callfsd the larynx (which is the organ of voice), 
and leading downwards from the larynx runs the tracheay 
or windpipe, which is kept permanently open for the pas- 
sage of air, by cartilaginous rings, that surround the anterior 
two-thirds of it These are united, and the back of the tube 
is formed by a fibrous membrane or muscle. The windpipe, 
which is easily felt by the hand, and lies just below the pro« 
jecting part of the larynx, popularly known as Adam's 
apple, is about four and a half inches in length, and about 
three-fourths of an inch wide. Passing into the cavity of 
the chest, it divides into two branches, which are termed the 
right and left bronchi (fig. 76). Each bronchus enters the 
lung of its own side, and divides into a great number of 
smaller tubes, called the bronchial tubes, which again go on 
subdividing. These finest tubes end in elongated dilatations. 



96 



ANIMAL PHYSIOLOGY. 



averaging -Afih of an inch in diameter, which aie called the 
air-^elh (fig. 77). If we can conceive a bunch of grapes 
with its stem and all its minute branches, and the grapes 
attached to the ends of them, to be hollow, we get a good idea 
of the mode in which the lung is constructed, except that it 
does not represent all the sacculation or partitioning of the 
terminal cells. It is in consequence of the air included in 
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these cells that the lungs have their soft spongy feeling, and 
crackle when compressed between the fingers. Each lung 
is invested by its own investing serous membrane, termed 
the pleura, which serves the double purpose of facilitating 
the movements necessary in the act of respiration, and in 
suspending each Iung.4n its proper position. 

135. General Description of Process.— "Vk^ Wciti/ is being 
perpetually changed and driven in a constant current through 
the lungs by the action of the heart, the venous or impure 
blood being collected in the right ventricle, and thence con- 
veyed by the pulmonary artery into the lungs. In these, 
again, it gives off carbonic acid and aqueous vapour, and 
absorbs oxygen (as already described) ; and after these 
changes, it is collected, and returned to the left auricle by 
four vessels called the pulmonary veins (p. 87). 

The mode in which the air is renewed in the lui^ next 
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requires notice, 'this is effected by the respiratory move- 
ments, which consist in alternate acts of inspiration and 
expiration^ with an intervening pause before the process is 
renewed. An adult man in a sitting position performs the 
respiratory act from 'thirteen to fifteen times in the minute, 
but much more rapidly if taking exercise. At each inspira- 
tion, about 30 cubic inches of air are inspired, and at each 
expiration nearly the same volume is exhaled, difference 
being allowed for temperature, which in the exhaled air may 
equal that of the blood. From 300 to 400 cubic feet of air 
thus pass through the lungs of a man at rest in the course 
of twenty-four hours, and these are charged with carbonic 
acid, and deprived of oxygen to the extent of nearly 5 per 
cent. ; or, to put it in another form, about 18 cubic feet of 
the one gas are taken in, and of the other gas are given off. 
The quantity of carbon thus excreted in the form of car- 
bonic acid gas is nearly represented by eight ounces of pure 
charcoal. The amount of watery vapour separated by the 
lungs varies from six to twenty ounces daily, according to 
the diet, exercise, temperature, humidity of the air, &c. 

136. Mechanism of Respiration. — The chest (or thorax, as 
it is termed by anatomists, fig. 12, p. 15) is so constructed 
as to be capable of enlargement in height (vertically), in 
depth (or from the front backwards), and in width (or from 
side to side). Its height is increased mainly by the descent 
of the diaphragm (fig. 25), and to a certain extent by the 
elevation of the ribs, and the widening of the intercostal 
spaces ; while its depth and width are increased by the 
elevation of the ribs, which carry forward and elevate the 
breast-bone (or sternum), especially at its lowest end, 
and are slightly rotated on an imaginary axis, joining 
their extremities, by which their central portion is raised, 
and slightly removed from the mesial plane of the chesL 
It is only in forced or deep inspiration that all these 
means of enlarging the chest are called into play. An 
ordinary inspiration is attended in men with very slight 
elevation of the ribs (about one-twentieth of an inch), while 
in women the elevation is much greater, especially in 

the upper ribs;, the cause of this difference in the sexes 

G 
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probably lying in the narrower waist of the female requiring 
a compensation in the upper part of the chest There are 
three varieties of ordinary 
respiration, namely, I. Abdc- 
pUnal, or that chiefly effected 
by the diaphragm, and seen 
in the motion of the walls of 
the belly ; 2. Costo-infericr, 
or that in which the seven 
lower ribs are observed to 
act ; and 3. Costo-superior, 
or that effected in a con- 
siderable degree by the upper 
ribs. The first variety occurs 
in infants up to the end of the 
third year, and in males gen- 

erally ; the second, in boys 

H--.,^i,™i after the age of three, and in 

Fie. 78-— LHagranu >"/ Hatchmsonl » ,, ., ' , ,. 

.he*inBtl«=xt««orAM«™-iK««ior men ; and the third, m adult 

MoveiKiit ID ordinary, aod id forced females. The difference be- 

Req«.ti<raioDuie«.dfe™i=. T^z tween the depth of a forced 

back [b supposed to M n«d, m oidtr ■■ . . 

to ihro«. for^td the moTcmem « and an ordmary mspiraUon 

niKch u powible. The blmclt line jj shewn in the accompany- 

r^"""; w'" *"L5;^ ^d ^ ^^= (fie- '8)- 

,^yaL.. 'iTfJ^ 'Zfir^ti^. m- Every complete act ot 
■he bed) camel up to tke dotted line, respiration is divisible into four 
while iDji"£«<M/iVartwi it lecedes paits — namely, I. Inspiration; 
to ihE Mullest space indicated. j,_ ^ j^^^ p^^^^^ ^^j always 

observed ; 3. EipiraUOQ ; and 4. A considerable pause, occupying 
aboW one-fifth of the whole time required for one complete respira- 
tory act. The act of expiration is always more prolonged than that 
of inspiration, the former being to the latter in the ratio of 12 : lO in 
adult males, and as H : 10 in children, women, and aged persons. 
The number of respiratory acts performed in a minute varies at 
different iiges. At birth there are 44 respirations in one minute ; 
at 5 years of age, 26 ; from 15 to 20, 20 ; from 20 to 25, 18.7 ; 
from 25 to 30, 16 ; from 30 to 50, l8-l : so that from 16 lo zo naay 
be taken as the ordinary range for healthy adults. The average 
Talio which the number of respirations bears to the number of 
pnlsalions in a given time is about I : 4I, and if there be any great 
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deviation from this ratio^ there is probably some obstruction to the 
aeration of the blood, or some disorder of the nervous system. 

138. Capacity of the Lungs, — When the lungs have been 
emptied as much as possible of air by the most powerful 
expiratory effort, they still contain a quantity over which 
we have no control, and which may be estimated at about 
100 cubic inches. To this portion of the contents of the 
lungs the term residual air is applied. In addition to this 
residual air, physiologists distinguish, in connection with 
the respiratory process, supplemental air, which is that 
portion which remains in the chest after an ordinary gentle 
expiration, but which may be displaced at will, 100 cubic 
inches ; breathing or tidal air, which is the volume that 
is displaced by the constant gentle inspiration and expira- 
tion, about 30 cubic inches ; and complemental air, or the 
quantity which can be inhaled by the deepest possible in- 
spiration, over and above that which is introduced in ordin- 
ary breathing, 100 cubic inches. The greatest volume of 
air that can be expelled by the most powerful expiration, 
which is obviously the sum of the supplemental, breathing, 
and complemental air, is designated as the vital capacity 
— ^in all, 330 cubic inches. 

139. Ventilatian^'^A knowledge of the respiratory process 
explains the great benefit to be derived from efficient venti* 
lation. Ten thousand parts of ordinary atmospheric air 
contain from 2 to 4 parts of carbonic acid. If this gas be 
present to the extent] of i^ to 3 parts in 10001^ headache and 
giddiness are felt ; and if it be increased to 20 parts in 1000^ 
death will in all likelihood be the result. To secure a 
proper degree of dilution of carbonic acid in a small room, 
so as to render the air fit for respiration, about 2000 cubic 
feet of fresh air should be introduced every hour. 

140. Influence of Nervous System, — ^The movements of respiration 
constitute an example of a complicated reflex action, the centre of 
which is in the medulla oblongata. The chief sensory nerves are 
the filaments of the pneumogastric, but the general sensory nerves 
distributed to the surface of the skin also act as afferent fibres. 
Thus we may excite a powerful inspiratory effort by dashing cold 
water on the face^ or by a current of cold air directed on the 
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surface of the body. The motor or eflFerent fibres are those which 
Sir Charles Bell grouped together in his ' respiratory system.* The 
most important of these are the phrenics which supply the dia- 
phragm, the intercostals, the facial, and the spinal accessory, which 
supplies motor filaments to the pneumogastric The respiratory 
movements to a certain extent are under the control of the. wilL 
Sighing, yawningy laughing, coughing, sneezing, and sobbing are only 
modifications of the ordinary respiratory movements, excited either 
by mechanical irritation of the air-passages, as in coughing and 
sneezing, or by fatigue or mental emotions, as in the other instances. 

THE NOURISHMENT OF THE TISSUES. 

141. The various tissues of the body, such as muscle, 
bone, nerve, or brain, are nourished by the blood. But as 
this fluid is almost the same in chemical composition in 
different parts of the body, and as the tissues differ much 
in this respect from each other, we must adopt the theory 
that each tissue has an elective power in itself, whereby it 
selects from the blood exactly the material it requires for its 
growth. To secure healthy nutrition, we must have {\) an 
adequate supply of blood. If any part of the body be not sup- 
plied with abundance of blood, its actions are enfeebled ; and 
if the supply be cut off altogether, it soon weakens and dies. 
(2) The blood must also be healthy in quality. If affected 
by disease of any organ, so that certain injurious materials 
are not eliminated, the general nutrition of the body spieedily 
suffers. To secure proper nutrition, a part must (3) be 
subject to the influence of the nervous system. Disease of 
the spinal cord causes paralysis of the lower limbs, and the 
muscles become soft, flabby, and diminish in size. Section 
of a nerve supplying a part is often followed by destruction 
of the part by ulceration. Finally (4), the part itself must 
be in a healthy condition to secure proper growth. Any 
tissue which has acquired any peculiarity of structure by 
previous disease, retains this peculiarity for many years; 
but in course of time the tissue tends to revert to its original 
condition. This explains such phenomena as the perpetua- 
tion of cicatrices and the influence of the vaccine virus. In 
the latter case, the virus stamps a peculiar quality on the 
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blood and tissues, which modifies any subsequent attack of 
small-pox. Growth is dependent essentially on the supply 
of material to the tissues by the blood, and on the amount 
of waste of tissue.' If the supply exceed the waste, as in 
childhood, the body increases in weight and power ;- if the 
supply and waste are equal, the body may remain in a 
stationary condition for many years, as in middle life ; and 
if the supply be much less than the waste, the body loses 
weight and strength, as in old age. 

SECRETION. 

142. Secretion is that function by means of which certain 
fluids are separated from the blood for further service in the 
economy. Various of these secretions, such as the saliva, 
gastric juice, pancreatic juice, &c. have been already 
described, but here we may briefly refer to the process of 
secretion generally. However complicated the structure 
oi* the various secreting glands may be, it is found on minute 




Fig. 79.— Diagram shewing various forms of Secreting Structures : A, general 
plan of a secreting membrane ; b^ basement membrane with cells, a, on one 
side, and blood-vessels, r, on the other ; B, simple tubular (gastric glands), 
follicular (tonsils), and elongated tubular or convoluted glands (sweat glands) ; 
C, compound tubular, as in kidney ; D, compound racemose, as in salivary 
gland, pancreas, &c. ; E, simple racemose, two forms, as sebaceous glands, &c. 

examination to consist of a delicate membrane, called a 
basement membrane, having blood-vessels richly distributed 
under its attached surface, and actively growing cells on its 
free surface. By foldings and reduplications of these ele- 
ments of structure, all secreting glands are formed (fig. 79), 
The cells f however, are the active agents. They select from 
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the blood the materials necessary, and fonn the secretion. 
Recent researches have shewn that these cells are directly 
influenced by the nervous system (see p. 64). The secretion 
is found in their interior. They are developed, grow, live a 
certain time, drop off from the membrane, and becoming 
ruptured, the secretion is set free. Thus secretion is not 
opposed to growth, as at one time supposed : it is dependent 
on ih<^ growth of certain cells. 

EXCRETION. 

143. General Characters of Ercretton.—J^VLTing the vital 
activity of the tissues, new particles are assimilated by the 
process of growth already described. On the other hand, 
certain materials are worn out, and becoming soluble, 
partly pass into the blood. These effete matters must be 
removed from the blood, and cast out of the body, so that 
this important fluid may be kept in a healthy condition. 
This process of removal is the function of excretion. There 
are five great channels of excretion : 

The Lungs. 

144. The lungs, as already described under Respiration, 

separate from the blood carbonic acid and watery vapour. 

• 

Tlie Liver. 

145. General Description, — This organ is the largest and 
heaviest gland in the body, weighing, on an average, 65 
ounces avoirdupois. It is situated on the right side, beneath 
the lower ribs (fig. 25). It consists of five lobes, of a dark 
reddish colour, and these lobes are divided into lobules. 
The lobules are bound together by areolar tissue, and 
their structure is similar. The liver is supplied with the 
blood from which it derives its secretions by the portal vein 
(fig. 73, L), a vessel which collects all the blood circulating in 
the stomach, spleen, and intestines. The portal vem divides 
and subdivides in the liver, till it forms a plexus of minute 
vessels between and in the lobules, from which originate 
the radicles of the hepatic vein (fig. 73, /), a vessel which 
carries the blood from the liver to the ascending vena cava. 
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The connective tissue of the liver, and its vessels and nerves, 

are supplied by a special artery, the hepatic artery (fig. 73, /)• 

The proper secreting structure of the liver 

consists of numerous compressed cells, 

about the unnrth of an inch in diameter, 

called hepatic cells (fig. 80, b). These cells 

secrete materials from the blood, which 

they elaborate into bile. This secretion 

passes into minute ducts, the hepatic pig. gQ. _ Hepatic 

ducts y which originate in minute ducts cells, b; with the 

between the cells, a. These ducts convey j*^* ^^ "fS*'" 

the bile out of the liver ; and after it has ^^ 

become inspissated and mixed with mucus, 

from small mucous glands in the larger ducts, and from 

the gall-bladder (fig. 62, ^), it is poured into the duodenum. 

146. Functions of Liver, — The liver performs at least 
three functions : first, the secretion of bile ; second, the 
formation of fat ; and third, the formation of animal starch 
or glycogen. The bile is to be regarded chiefly as an excre- 
tion rich in hydro-carbons, but during its passage from the 
economy, it performs certain functions referred to under 
Digestion (p. 74). It is highly probable that part of the 
bile is reabsorbed into the blood, but its ultimate function is 
unknown. The amount formed daily is about 3^ pounds ; 
but the quantity is liable to great variation. 

147. Glycogenic Function of the Liver, — The formation 
of animal starch by the liver is called its glycogenic function. 
It is supposed that this starch, formed in the cells of the 
liver, is converted, by some kind of ferment existing in the 
blood of the hepatic vein, into sugar, which is carried to the 
lungs, where it is decomposed into carbonic acid and water. 
This, however, is a point not yet conclusively settled. 

148. Composition of the Bile, — Bile is a neutral or slightly alkaline 
fluid. It contains (i) mucus; (2) glycocholaie and taurocholate oi 
soda ; (3) cholestrin^ held in solution by the bile salts ; (4) products of 
the decomposition of lecithin, a substance which is one of the chief 
constituents of nervous tissue ; (5) urea; (6) colouring matters, one 
of a reddish-yellow colour, bilirubin ; and another of a green colour, 
bUiverdin; i^) fatty matter; and (8) a sugar forming ferment. 
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149. General DescripUott. 
points with the internal r 

body, and consists of two layers : 
first, a hard epithelium, composed 
of cells more or less flattened, 
called the epidermis (fig. 81, a) ; 
and second, of the derma, or 
cutii vera, or true skin, b, which 
is formed of connective and 
elastic tissue. Underneath the 
true skin we find a layer of fat, 
c. The surface of the true skin 
is raised into a series of papilla;, 
b, connected with the sense of 
touch. We find in the skin two 
kinds of glands. The sudorip- 
arous or sweat glands consist of 
a tube, coiled into a ball at the 
deeper part, and communicating 
with the surface by a spiral duct 
(fig. 81, d). The sebaceous 
if the glands are small racemose glands, 
Fdoi i which usually open into the 
"'" hair follicles (fig. 82, d, d), and 
, i, secrete an oily fluid for lubricating 
d by the hairs and surface of the skin. 
' ISO, Secretions of Siveat. — The 
_^ _ chief excretion of skin is siveat, 

an acid watery fluid (having a 
small amount of salts, chiefly chloride of sodium, and a trace 
of organic matter, such as urea, in solution), which is usually 
carried off from the surface in the form of vapour. The 
amount varies greatly : from five pounds in the twenty- 
four hours, to one pound. That the separation of this ex- 
cretion is important, is proved by the fact, that if the skin 
be varnished over, so as to prevent exhalation, death may 
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Speedily ensue. All the various modifications of epidermi: 
such as hair, harn, nail, hoof, feathers, &:c.'ina.y also b 
regarded in the light 



of 



but 



space compels 
merely to allude 
this fact 

151. Functiom 
the Jiia.— The skin 
is (i) a protective 
covering for the parts 
underneath ; (2) an 
oigan of excretion ; 
(3) an organ con- 
parts especially with 
the sense of touckj 
and (4) partially 




iS' BS.— Vertical Section of Skin, ibewiiic a, 
epideimu : b, true skin ; c^ c, hair bulbs ; d, 
KbaccEjiu gbuids DpeninE into hair fdLLiclea; 
*, t, nuucles for erectiog: the ha!n. 



absorptive and respiratory organ, 
absorbing small quantities of aqueous vapour, and giving 
off carbonic acid. 

Tlie nOney*. 
152. General Description. — The human kidrejs are 
situated in the loins, one on 
each side of the spine. A 
welt-developed healthy kidney 
weighs about six ounces. 
When cut open (see fig. 83), 
we find a cavity communicat- 
ing with the ureter, U, the ex- 
cretory duct of the kidney, and 
we observe also that the organ 
consists of two substances, 
which are named, from their 
position, the external or . 
cortical, and the internal or 
medullary substance. The 
medullary part consists of 
straight tubules, which divide in 
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to the cortical part ; while in the latter, the tubes are e»- 
tremely convoluted. The tubules are termed lubuli uriniferi. 
They are lined by irregularly shaped cells 
somewhat like tliose of columnar e[Hthe- 
Hum (fig. 84). In the cortical part of ao 
injected kidney, there are numerous 
small round balls of capillaries called 
Malpighian bodies, after the celebrated 
anatomist who first observed them. In 
Fig. 84-— Sectioa oT man they are about the li^gth of an inch 
atlriniferomTubule: j^ diameter. They consist of a mass of 
Si^Jii''^'*'*' minute capillaries supplied with blood 
by an afferent vessel, and having also an 
efferent vessel to carry the blood away. Each of these little 
balls is embraced by the dilated 
end of one of the uriniferous 
tubes, as seen in fig. 85- It is 
generally believed that the watery 
■ part of the urine is here separated 
from the blood, while the solid 
matter is excreted by the action of 
the cells lining the tubules. 

153. Functions of the Kidn^. — 

The function of the kidney is to 

excrete urine, a fluid rich in nitro- 

genous materials. The urine is an 

amber- coloured liquid, having a 

^ a. ^J^ specific gravity of lozo, a slightly 

btindi of ihe ^ly, gn- acid reaction, a saltish taste, and 

ing ibt termiMi hrig, a/, an odour peculiar to itself. The 




ibe M-Jpighiaii tuft. m. ^jjief substar 



from which 



n the uri 
t, of which about a: 



TCBcI, e/r Oihei '^ u*'ea, ot wnicli about an ounce is 
™i^ •• ', f, are excreted daily, while during the 
' same time about eight grains of 
. uric acid are separated. In reptiles, 
> the amount of urea is small, 
' while uric acid is largely present 
These substances are chiefly derived 
from the waste of the nitrogenous tissues,'uric add being 
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formed before urea. In rapid-breathing, warm-blooded 
animals, uric acid is rapidly oxidised to urea, and con- 
sequently only a small amount of the acid appears in the 
urine; whereas, in slow-breathing, cold-blooded animals, 
the oxidation is incomplete. Man being omnivorous, 
partakes of enough of food rich in carbon to prevent the 
complete oxidation, and therefore a small amotmt of 
uric acid is always found in his urine. The kidneys also 
separate inorganic matters, such as chlorides, sulphates, 
phosphates, &c. These, as well as the urea, are much 
modified as to amount by the nature of the diet, and the 
amount of fluid taken with them. 

154. Special Characters of the Urinary Secretion. — Urine is a 
dear, amber-coloured, faintly acid fluid, with a bitterish taste, and an 
aromatic odour. It contains (i) water; (2) a small amount of mucus 
from passages ; (3) urea, from the oxidation of nitrogenous matter ; 
(4) uric acid, in the form of urates of soda and potash ; (5) a nmn- 
ber of less oxidised bodies in small quantities, such as allantoin, 
xanthin, creatin, creatinin, &&; (6) colouring matter; (7) odor- 
iferous matter ; (8) salts, chiefly chlorides of sodium and potassium, 
sulphates of soda and potash, phosphates of soda and potash, phos- 
phate of lime, and phosphate of magnesia ; (9) a trace of sugar ; 
and (10) small quantities of the gases oxygen, carbonic acid, and 
nitrogen. In flesh-eating animals, urea is present in large amount ; 
very little uric acid being found; but in the urine of vegetable 
feeders, Httle urea and no uric add are present, while hippuric add 
exists in large amount 

155. Conditions influencing the amount of Urine. — ^The normal 
amount is from 50 to 60 ounces daily. It is less in summer than 
in winter. The amount seems to depend (i) on the intensity of 
the pressine of the blood vrithin the Malpighian tnfb ; and (2) on 
the quantity of water or other diflusible matter taken into the 
system. 

156. Separation and Discharge of the Urine. — ^The urine is con- 
stantly being secreted by the kidney. It is carried away to the 
bladder by a tube called the ureter — the bladder serving as a reser- 
voir. It collects in the bladder until that organ is completdy 
filled, when it is voided by contraction of the walls of the bladder, 
aided by the abdominal muscles. The evacuation is partly volun- 
tary and partly involuntary. 



I08 ANIMAL PHYSIOLOGY. 

The Intertiiies. 

157. The excretions from the bowel consist not only of 
the non-nutritious materials of food, bile, mucus, and 
mineral matters, but also of fetid effete matters removed 
from the system by the lower bowel (see p. 76). 

158. We have now concluded a description of the great 
function of nutrition, consisting, as will have been seen, of 
many stages, or processes, on the due performance of which 
the well-being of the body depends. All of these processes 
are intimately connected with the nervous system, which 
apparentiy presides over and regulates alL 



THE FUNCTION OF INNERVATION 

159. General Description of Nervous System. — The vital 
processes included under the function of nutrition belong to 
the class of functions known as vegetative^ because certain 
of them are common to vegetables as well as to animala 
These functions have as their object the preservation of the 
plant. The animal has, however, another set of organs, by 
the use of which it becomes conscious of a world external 
to itself, and by which, as stated above, a control, both 
stimulating and regulative, is exercised over the other 
organs. By means of certain functions, which, from their 
occurrence in animals only, are termed animal^ all the 
higher animals, and especially man, are endowed with 
sensation, motion, and volition. These powers are due 
to the presence of a nervous system, including two sets of 
nerves and nerve-centres — namely, the cerebrospinal system 
and the sympathetic system. 

The former consists of the cerebrospinal axis^ composed 
of the brain and spinal cord, and the cerebral ^nA spinal 
nerves connected with this axis ; while the latter consists 
chiefly of a double chain of ganglia or nervous masses, 
lying at the sides of the spinal column, and united with one 
another and with the spinal nerves by connecting threads 
of nervous substance. 
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i6o. Characters of Nervous Matter to the Naked Eye. — 
Nerve matter is of two kinds, white and gray, and may be 
readily seen by cutting through the brain of a sheep or of 
any other animal, when it will be observed that there is an 
outer layer of gray matter, while the interior is white. la 
the spinal cord these relations are reversed, the gray matter 
lying in the centre. 

i6i. Structure of Nerves. — These consist of a number of 
delicate fibres, each of which is transparent as glass when 
examined in a perfectly fresh slate, but usually seen with two 
well-defined lines on each side of a broad clear space. The 
central part is called the axis cylinder, and the outer part, 
the iiihite substance of Schwann. Very minute nerve-tubes, 
as from those obtained rear the surface of the brain (fig, 86, 
e,/), shew no white substance. The nerve-tubes vary much 
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in diameter. Those of the sympathetic have no white sub- 
stance. Recently it has been shewn that at certain dis- 
tances the axis cylinder is interrupted, constituting the 
so-called nodes of Ranvier. During life, the substance in 
the interior of the sheath of the nerve-tube (the tuurilemmd) 
is in a semi-fluid state, and the conception of a nerve-tube 
to be formed is, a thin cylinder ijuurikmmd) inclosing a 
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cylinder of semi-fluid substance {white substance ofSchwann\ 
within which there is a core of semi-fluid matter, of different 
consistence from the last, called the axis cylinder, 

162. Nerve-cells, — ^When the nerves are traced into the 
nerve centres, they are found to terminate^ in nerve-cells^ 
which are of various forms. These cells are composed 
of protoplasmic matter, slightly molecular, and usually 
having issuing from them one or more poles or processes. 




Fig. 87* — ^Various forms of Nerve-ceDs : a, muUij^lar, from gray matter oi 
spinal cord ; bt </, bipolar, from ganglia on posterior roots of spinal nerves ; 
c, g, unipolar^ from cerebellum ; g shews indications of a process coming off 
at lower end ; e, union of three multipolar cells in spinal cord ; ft union of 
three tripolar cells in gray matter of cerebral hemispheres. 

which are believed to be in continuation with the axis cylin- 
ders of nerve-tubes. They vary in size from the rArth to the 
xfirth of an inch. The function of these cells is to receive 
or transmit nervous influences, but how they do so is quite 
unknown. Gray matter is composed chiefly of these cells 
lying amongst extremely delicate connective tissue termed 
neuroglia, 

163. Functions of a Nfrve-tube, — The function of the 
nerve-tube is to receive an impression of any kind, mechani- 
cal, chemical, thermal, or volitional, thereupon to generate 
an influence, and to conduct this influence to or from a 
nerve-centre. When examined by a galvanometer in the 
manner described with reference to muscle (see p. 45), the 
surface is found to be positive to the transverse section ; 
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and during the action of a nerve-tube, this electric current 
diminishes in amount— that is, there is a negative variation^ 
as in the case of muscle. When a continuous current of 
electricity is passed along a nerve, it passes into a peculiar 
condition, termed the electrotonic state, a knowledge of 
which, liowever, is not of great practical importance. The 
rapidity of the nerve-current is, in cold-blooded animals, 
from 75 to 120 feet per second ; incomparably slower than 
light or electricity. In warm-blooded animals, such as man, 
it probably travels at a rate of about 200 feet per second. 

THE DEVELOPMENT OF THE NERVOUS SYSTEM IN THE ANIMAL 

KINGDOM. 

164. Nothing conducts sooner to an intelligent comprehension of 
the compticated nervous system of man and of the higher animals 
than the study of the gradual development of the nervous system 
throughout the animal kingdom, from its simpler to its more 
complex forms. 

165. Nervous System of Invertebrates. — In none of the Protozoa^ 
including such animals as sponges, infusoria, &c. has any trace of a 
nervous system been discovered. Neither is any rudiment of it to 
be found in the Hydrozoa^ the first subdivision of the coelenterate 
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Fig. 88-— Nervous system Fig. 90.— Nervous sys- 

of a Serpula or Sea- Fig. 89> — ^Nervous sys- tern of a Crab: a, 
worm : a, cephalic gang- tem of an Ant : a, cephalic ganglion ; h, 
Ikm. cephalic ganglion. mass of ventral ganglia 

fused together. 

group of animals ; but in the Actirwzoay which comprehends such 
animals as the sea-anemone, it is first discovered as a little knot or 
nodule of nervous matter, from which delicate fibres radiate. Such 
a nodule is called a ganglion, and the filaments constitute nerves. 
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Among the Echinodtrmaia, such as star-fishes, sea-urchins, &c., we 
find the nervous system consisting of a number of ganglia, connected 
together, so as to form a ring, or nervous circle, from which nerve 
filaments pass to various parts of the body. In some of the Anne- 
liday or worms, we find (fig. 88) a ganglion, a, in the neighbourhood 
of the head, from which two nervous cords pass along the ventral (or 
belly) surface of the animal* In the Mollusca^ or shell-fish, there 
are usually at least three ganglia with radiating nerves — one in the 
head, one in the foot, and one posterior and above the alimentary 
canal. In the Insecta, or insects (fig. 89)i we find a large ganglion in 
the head a, from which a double cord passes backward along the 
ventral surface of the animal, and in connection with which there 
are three or more ganglia, as seen in the figure. In the Crustacea, 
such as the conmion crab (fig. 90)f there is a large ganglion near 
the anterior extremity, with nerves for the eyes and antennae, a, while 
behind we find the ventral chain of ganglia fused into one mass, b, 

1 66. Nervous System of Vertebrates. — All of the groups now men- 
tioned belong to the invertebrate subdi- 
vision of the animal kingdom, and all 
have their nervous system along tlje ven- 
tral aspect of the body. We now come 
to the vertebrate subdivision, or those 
having a backbone, and here we meet 
with another nervous system extending 
along the dorsal aspect of the animal, 
to which anatomists have given the name 
of the cerebrospinal system. This con- 

Fig.91.-Diagnunofanideal ^^^^ °^ ^ ^^^^'^ ^^ ^^^^ constituting 
or typical Brain: I, olfactory ^^ bratn^ behmd which there 1$ an 
lobes ; 2, cerebrum ; 3, cor- elongated mass of nervous matter run- 
pus striatum ; 4, optic tha- ning firom the brain through the canal 
lamus ; 5. cerebeUum ; 6, ^^ ^j^^ vertebral column, and called the 
pons Varolii ; 7, medulla ... . • r t ti 

oblongata; 8. spinal cord. '^"^ ^^^^ ^r spinal marrow. In all 

vertebrate animals, the spinal marrow 
seems to be much alike in general structure and arrangements, but 
one animal differs from another (as a fish from a frog, or a 
pigeon firom a rabbit) by the degree of development of the brain. 
The brain consbts of a series of ganglia which, in a typical or 
ideal brain, might be thus represented (fig. 91). These ganglia, 
from before backwards, are : 1, olfactory bulbs ; 2, cerebral lobes ; 
3, corpora striata ; 4, optic thalami ; s» cerebellum ; 6, pons 
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Varolii ; 7, medulla oblongata ; and 8, spinal cord. Between 4 
and 5, we also find a mass of nervous matter termed the optic 
lobe or lobes. 

Such a brain is seen, for example, in many fishes (fig. 92), where 






Fig. 92.— Brain of Com- Fig. 93.— Brain of Com- 
mon Gurnard: x, olfac- mon Frog: a,olfactory; 
tory; a, cerebral lobes; 3, cerebral lobes cover- 
3, corpora striata ; 4, ing corpora striata ; 
cerebellum. Ct corpora quadrige- 

mina, or optic lobes; 
dy cerebellum (rudi- 
mentary) ; X, back of 
medulla shewing fossa* 



Fig. 94.— Brain of Tor- 
toise : z, olfactory ; 2, 
cerebral lobes ; 3, cor- 
pora striata; 4, optic 
lobes ; iv, cerebellum ; 
5, medulla. Part of 
the surface of the cere- 
bral lobes has been 
removed to shew the 
cavities in the interior 
termed the ventricles. 



the cerebral hemispheres, 3, 
overlap any of the adjacent 
structures. The same ar- 
rangement may also be 
studied in the brain of am- 
phiManSy such as the com- 
mon frog (fig. 93) ; but here 
we find the cerebral lobes 
larger, so that they now ex- 
tend backwards so as to cover 
the corpora striata. When 
we ascend to reptiles^ such as 
the tortoise (fig. 94), we find 
the cerebral hemispheres 
larger, broader, and thicker 
matter on the surface. The 
In the brains of the bird the 



are still of very small size, and do not 




Fig. 95.— "Br^n of Pigeon: A, view from 
above. B, lateral view of a bisected brain. 
A— a, olfactory ; 3, cerebral lobes ; c, optic 
lobes ; d, cerebellum ; e^ medulla. B — a^ 
cerebrum ; 3, cerebellum ; r , olfactory ; d^ 
optic nerves ; e, medulla ; f, cord. 

as regards the amount of gray nervous 
cerebellum (iv) is still feebly developed, 
cerebral lobes are still further developed 
H 
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(fig- 95)> Bud tlie (xrebeUnm has become so lirge as to Tcdge in 
between tlie two optic lobes aod path these towards the base of the 
brain. The mammaliaji brsiin shews the hemispheres of the cere- 
bnun stni higa, so that the; now pn^ect so hi posteriorlf as to 
cover not only the corpora, striata and optic tbalami, but also the Opiic 
lobes. The cerebellum is also mnch more highlj developed. The 
brains of the lower ■"'"'""I", such as the rabbit (Gg. 96), are nearly 
smooth on the sorface, and exhibit only a trace of those elevations 
and depres^ons which we meet with on the sni&ce of the btains d 




sncb an animal as the common cat (lig. 97)i where we find the 
surface distinctly convoluted. The com/clti/iimi increase in number, 
depth, and complexity as the intelligence of the animal increase^ 
until we come to the biain of man, where in a well^leveloped brain 
we find them presenting llie appearance depicted in fig. 98. It 
will thus be seen that as we ascend from the lower to the hi^er 
vertebrates, the biain becomes more and more complex in stmc- 
tore, chiefly by the great growth and development backwards of 
the cerebral hemispheres, and by the appearance of convolutions 
on the surface of these, indicating increase of gray matter. 

THE RUUAN BRAIN. 

167. General Description. — The brain consists of the 
cerebrum, or brain proper, which occupies the whole of the 
upper and front parts of the cavity of the skull ; the cerebellum, 
or little brain, lying beneath the hinder part of the cerebrum ; 



and the medulla oblongata, or oblong marrow, which may 
be regarded as a continuation of the spinal cord within the 
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almost completely bisected into two lateral halves by a 
deep longitudinal fissure ; and the surface of the former is 
divided by a considerable number of tortuous furrows, 
nearly an inch deep, into convolutions. As the gray matter 
is extended into these furrows, its quantity is thus vastly 
increased. 

At the base of the cerebrum, and connected with it, there 
arfe two large ganglionic masses of gray and white matter, 
called the corpora striata j behind these, other two bodies 
of a similar nature, the optic thalamij and still farther 
back, four bodies, two on each side, the corpora quad" 
rigemina. All these parts of the brain are connected with 
each other by numerous nerve fibres. The fibres from the 
spinal cord pass upwards in the medulla oblongata ; those 
from the posterior part of the cord going chiefly to the 
cerebellum, while those from the anterior pass chiefly to the 
cerebrum. In the cerebrum, cerebellum, and ganglia, we 
also find fibres running from their anterior to their posterior 
ends, while other fibres run transversely, and unite corre- 
sponding parts on opposite sides of the brain. Thus there 
is evidently community of function. 

1 68. Functions of different parts of the Brain. — The 
functions of these different parts may be briefly stated to be 
as follows : (i) the cerebrum is the seat of sensation, 
volition, emotion, and of those intellectual powers which con- 
stitute Mind ; (2) the cerebellum is probably the regulator of 
muscular movements ; (3) the corpora striata are great centres 
of voluntary movement, not of volition, but of the nervous 
mechanism by which, when we will with the cerebrum, the 
influences are sent along the spinal cord to the various 
muscles ; (4) the optic thalami perform a similar function of 
collecting and transmitting impressions with regard to sen- 
sation ; (5) the corpora quadrigemina receive impressions 
by the optic nerves from the eyes, and transmit these to the 
cerebrum, where there is then the consciousness of sight ; 
and (6) the medulla oblongata^ and an adjoining part called 
ihitpons Varolii^ are the seat of Ihe nervous influences which 
regulate swallowing, breathing, and other important invol- 
untary movements. The parts of the brain last mentioned 
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(6) are absolutely essential to life. The other parts may be 
cut or mutilated without instant deaths but this quickly 
follows injury to the medulla. 

Recent observations have been made on the cerebral hemi- 
spheres by stimulating small areas on their surface by feeble electric 
currents, the chief results of which are the discovery of certain 
centres in the convolutions which, when stimulated, cause move- 
ments of definite gtoups of muscles. These centres have been 
termed psycho-nidtor centres ; but while the facts are undeniable, it 
is doubtful how far they may be accounted for by the diffusion of 
electrical currents to deeper centres. 

169. Functions of Nerves, — Nerves have different func- 
tions. When an influence travels along a nerve to a muscle, 
it excites the muscle to contract, and the former is then' 
called a motor nerve ; when it travels to the brain and causes 
a sensation, we call such a nerve sensory, A third class of 
nerves, when stimulated, convey an impression to a gland, • 
and the consequence is secretion. There is no evidence 
that there is any difference of structure between motor and 
sensory nerves. The difference of result on stimulating a 
nerve depends on its mode of termination. For example, if 
it terminate in the hemispheres of the brain, pain is prob- 
ably felt ; if in a muscle, the result is contraction ; if in a 
gland, the secretion is augmented or diminished ; if in a 
blood-vessel, the vessel will contract Most nerves contain 
both sensory and motor tubes. Some are purely sensory, 
as certain parts of the fifth cranial nerve ; others purely , 
motor, as the facial, or seventh cranial nerve ; while aU the 
spinal nerves are senso-motory. Certain nerves respond 
only to particular stimuli. For example, the optic nerve 
is affected only by vibrations of rays of light, acting in 
the first instance on a special terminal apparatus called the 
retina. Such are called special sensory nerves, and include 
those of sight, hearing, taste, smelL The nerves of touch 
are those of common sensibility distributed to the skin. 

170. Cranial and spinal Nerves, — ^Twelve pairs of nerves 
are given off from the brain, and thirty-one from the spinal 
cord. The spinal nerves are all sensori-motor — that is, 
they contain both kinds of filaments. The cranial nerves 
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may be thus classified, and their general origin may be 
studied in fig. 99 : 




Fig. 90.— Diagram of the Brain, shewing origin of the cranial nerves: H, 
hemispheres; CS, corpora striata; F, pineal gland; CQ, corpora quad- 
rigemina ; TH, optic thalami ; FT, pituitary body ; M, medulla. The Roman 
numerals indicate the nerves S^. x, Sp. 9, first and second spinal xmres. 
Observe the ganglia on the postericnr roots. 



n»i^ Anatomical 
^^^' Name. 

1st Pair. . .Olfactoiy,!. . 

2d Pair.. .Optic, II 

3d Pair. . . Motor-oculi, 

IIL 
4th<Pair...Troclilear, 

IV. 
5th Pair...TrigeiniiiaI» 

or Trifa» 

cial, V. 

6th Pair^. AbducenSy 
VL 
fPortio ) 



7th Pair 



dura, { 

Portio i 

mollis, ) 

VII., VIIL 



Physiological Function. 

Name. ^^ 

.Olfactory..... Special sense, smell. 
.Optic Special sense, sight. 

Motor-ociiU..Motor, for all the musdes of the 
■ eyeball except tttto, IV. and VL 

Pathetic Motor for superior oblique 

muscle of eyebalL 

5th Nerve... Sensori-motor — sensory to face, 
mouth, and part of tongue; 
ptotor to muscles of mastica- 
tion. 

6th Nerve... Motor to external rectus mQsde 
of eyebalL 

Facial Two portions-^^/Sido/, the motor 

nerve of the face; and the 

Auditory, auditoty — special sense of 
hearing. 



THE SPINAL CORD. II9 

8thPair...8th. 8th Three distinct nerves: (i) The 

giosso-pharyngealf IX., spe- 
cial sense of taste ; (2) the 
spinal accessory, XL, motor 
to trapezius muscle in back, 
stemo-cleido-mastoid muscle 
in neck, and motor filaments 
to pneumogastric ; (3) the 
pneutnogasiric or vagus, X., 
which extends through the 
cavity of the chest to the 
upper part of the abdomen — 
sensory and motor to pharynx, 
oesophagus, larynx, lungs, 
heart, and stomach ; inhibitory 
to heart j depressor to vaso- 
motor centre in the medulla. 

9th Pair... Hypog^- Hypoglossal, Motor to muscles of tongue, 
sal, XIL 



THE SPINAL CORD. 

171. The Spinal cord or marrow is a cylindrical column of 
soft nervous tissue, extending from the base of the skull, 
where it is continuous with the medulla oblongata^ to the 
region of the loins, where it tapers off to a thread in the 
lowest part of the vertebral canaL Its average length is 
eighteen inches. It is not only divided by two fissures in 
the middle, but each half is again divided longitudinally 
into three equal parts by two parallel series of nervous fila- 
ments, which are the anterior and posterior roots of the 
spinal nerves (fig. 100). The posterior root presents a swell- 
ing or ganglion, immediately beyond which the two coalesce 
into the trunk of a nerve which, after emerging through a 
hole called the intervertebral foramen, is distributed into 
branches to the parts it is destined to supply with nervous 
filaments ; as, for example, the muscles of the tnmk and 
limbs and the surface of the body. These roots have separ- 
ate functions, the anterior being composed of motor, while 
the posterior contain sensory tubes. Hence if the anterior 
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root be divided, or if the column of the cord from which it 
springs be diseased, loss of motion in the part which it 

supplies is the result, while if the 
posterior root were similarly acted 
on, there would be loss of seTtsi- 
bility. The anterior columns of 
the meduUa decussate (that is, 
send nerve-fibres across to the 
adjoining column) ; while many 
of the fibres of the posterior 
columns decussate all the way 
up the back of the cord. Con- 
sequently, injury to the right 
anterior column causes loss of 
^'f'.^?^'"i''^l^-''^/^*^*' motion on the same side, while 

spinal Cord, shewing the Fis- , . i_ • ■• • i 

sures and Columns : i, an- mjury tO the nght postenor COl- 

terior median fissure; a, pes- umn paralyses sensation as re*' 
tcrior median fissure; 3, gards the opposite side of the 

anterior lateral fissure; 4f ^ , ,—. \ .. r i. 

posterior lateral fissure; 5, DOdy. The dCCUSSatlOn Of the 

lateral column; 6, anterior anterior columus in the medulla 

column; 7. posterior column; also explains how a clot of blood 
8, postenor median column; . « • 1 « • v i* ^i_ 

9, anterior root ; 10, posterior ^ the Hght hemisphere of the 
root ; and ix, ganglion of (12) brain, as in apoplcxy, usually 

a spinal nerve.~From Gray's causeS loSS of motor-pOWer On 




SYMPATHETIC SYSTEM OF NERVES, 

172. This nervous system consists of a gangliated cord 
found on each side of the spinal column, and giving to and 
receiving numerous filaments from the cerebro-spiAal sys- 
tem. Observation and experiment have shewn that it has 
the following functions : (i) it controls the contractions of 
all structures which contain involuntary muscular fibre, such 
as the viscera ; (2) it governs the various secretions, prob- 
ably by acting on the blood-vessels of the glands ; and (3} 
it is vaso-motor, controlling the calibre of the blood-vessels, 
and thereby regulating the circulation in the capillaries and 
the amount of animal heat 
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THE SPECIAL SENSES. 

There are five senses — ^namely, touchy iasie, smelly sight j 
and hearing, 

Tondi. 

173. The sense of touch, including that of different de- 
grees of heat, is possessed by the skin, by the walls of the 
mouth and nostrils, and by the tongue, but it is most highly 
developed on the tips of the fingers. The essential organs 
of this sense are the true skin, containing capillaiies, and 
the terminations of sensory nervQS. On examining the 
surface of the true skin by a magnifying-glass, we can see 
a regular arrangement of papillae, or cone-like projections, 
about TTrth of an inch in length (fig. 81, p. 104). In many of 
these papillae there are found small round or oval bodies 
made of hard fibrous tissue, and having a nerve-tube coiled 
round them, and sometimes penetrating into their interior. 
These are called touch-bodies (fig. 101). They serve as re- 
sisting structures against which the 
nerve may be pressed, and thus the 
sense of touch may be intensified. 
When one of those nerves is pressed 
by the contact of any foreign body, an 
influence is produced which travels to 
the brain, where we become conscious Rg. loi.—Three Papilla 

of the impression. This conscious- of the Skin, the central 

ness, however, we refer not to the °^°"^^^^ * *'"*'^ 
brain» but to the part affected ; a. sub- 
jective power, which is probably the result of experience. 

Taste. 

174. The organs of taste are in the mucous membrane of 
the tongue, especially at its back part. The nerves of taste 
are the lingual branch of the fifth cranial nerve and the 
glosso-pharyngeal, the former supplying the anterior two- 
thirds, and the latter the posterior one-third of the tongue. 
Various authorities also regard the chorda tympanic a 
branch of the facial, as a nerve of taste for the tip of the 
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tongue. The mucous membrane of the tongue presents 
papillse of various forms, called filiform, or thread-like ; 
fungiform, or mushroom-like ; and drcumvaliaU. The cir- 
cumvallate papillse are from thirteen to fifteen in number, and 
are set in the form of a V with its point backwards. Each 
resembles a broad fungifomi papi 11k surrounded by a trench. 
They are regarded as die essential organs of taste. Recently, 
flask-shaped bodies have been found in the tongue of the 
rabbit. They are seen in fig. 102. They derive their nerves 




Fif. 103. — Oitpui oT Tisle rrom Tongue of Ribb t a, scctioa through taitl 
organ, shewing flaslc-thapcd bodies in the depreasioiK h flnsk body iso- 
lafed, shewing that it is made of ii^ndle-ahaped celts c Kmall cells fnmd 
b &3^ having poinled lower ends which an concmuoiu with Deive-£lin> ; 
d, fiuiionn cells which fona wall of fiaslc-shdped body. 

chiefly from the gloss o-pharyngeal nerve. The contact of a 
sapid body with the surface of the tongue is not sufiicient to 
evoke the sense of tast& The substance must be dissolved, 
and to effect its solution a special fluid is provided— the 
saliva. In febrile diseases, in which the tongue is dry and 
coated, the sense of taste is either dormant or perverted. 
Taste is more acute in some persons than in others. It is 
sometimes blended in a remarkable way with smell, giving 
rise to the peculiar sensation we call flavour. The sensa- 
tions produced by the contact of mustard, pepper, &c. with 
the tongue are not those of taste, but rather exaggerated 
forms of touch. 

SnulL 
175. The organ of the sens^ of smell is the mucous mem- 
brane lining a part of the nasal cavities supplied with nerves 
from the olfactory bulbs or first pair of cranial nerves. At- 
tached to the side walls of each nasal cavity are two delicate 
scroll-like bones, called turbinated bones, which to a great 
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extent divide each cavitf into three spaces, lying; one above 
the other. The uppermost two of these constitute the true 
ol&ctory chambers, while the lowest passage is merely used 
for respiratory purposes. The whole of this bony frame- 
work is covered by moist mucous membrane, having im- 
bedded in it flat dongated cells attached to the ramifica- 
tions of the olfactory nerves (fig. 103). By the contact of 
certain substances with these, a sensation of 
smell is produced. According to Graham, ' all 
odorous substances are in general such as can 
be readily acted on by oxygen.' Aoimal efflu- 
via keep near the soil, hence the bloodhound 
runs with his nose to the ground. The sense 
of smell is extremely delicate in most indi- 
viduals. It is soon blunted, and consequently 
many who live among disagreeable odours do 
not perceive them. A distinction must be drawn 
between a smell proper, like that of a violet, 
and the irritation produced by the fiimes of 
ammonia. The close stufiy sensation experi- "s- IDS— Cdia 
enced on entering an ill-ventilated crowded f™°J^L!"" 
apartment, is due chiefly to interference with of(*okindj— 
the free play of respiration. <^ with broad 

end! like 
nsHt or TWml knifeWlaj 

I7& The sensation of hght results from the „„ p,^od 
influence produced indirectlyon theexpansion of endi,«id{ioa- 
the filaments of the optic nerve by vibrations of '™"»' 'J|'* 
a delicate and subde substance known as ' ether.' ^ 
But the falling of light upon the optic nerve itself 
will produce no sensation. An intermediaiy apparatus is 
necessary — the relina, which is an expansion of nervous 
matter placed behind the optic nerve. It is now known that 
the action of light on the retina is something similar to that 
produced on a photographic surface, and that it is associated 
with a change in the normal electrical condition of the 
retina. 

177. General DeseripWoft of Eye. — Yht globe 0/ the eye is 
placed in the anterior part of the orbLt, in which it is held 
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in position by its connection with the optic nerve posteriorly, 
and with the muscles which surround it, and by the eyelids 
in front. It is further supported behind and on the sides 
by a quantity of fat. The eyeball is composed of several 
investing membranes, and of certain transparent structures, 
which are inclosed within them. These transparent struc- 
tures act as refractive media of different densities, so that 
rays of light enteriog the eye are so bent as to come to 




Fi^. 104.— A LonEitDiIiia] StctioD of die CeauafilR Eye: i, the iderotic; 

thicker behind Ihaa in front ; t, the cornen : 3, the chotoul 1 «, the iris ; 7, the 

chamber; iz, the crystalline Zens, inclosed La its capsule; 13, the vitreous 
humour, inclosed in the liyafoid membrane, and in cells formed m its 
interior by that membrane; 15, the sheath; and ifi, the interior of the optic 
□erve, in the centre of wJiich is a snuU artery. 

a focus on the retina. Thus a distinct image is formed. 
These refractive structures are, from before backwards — 1st, 
the cornea, a transparent epidermic structure (fig. 104, a) ; 2d, 
the aqueous humour in the anterior chamber, 10; 3d, the 
lens, composed of numerous lamina;, like the folds of an 
onion, ri ; and lastly, the vitreous humour, a jelly-like 
structure, 13. 

178. The outermost coat of the eye is t\x scUrotic, i (from 
skleros, hard). It is a strong, dense, white, fibrous struc- 
ture. Posteriorly, it is perforated by the optic nerv& This 
coat, by its great strength and comparatively unyielding 
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Structure, maintwns the inclosed parts in their proper form, 
and serves to protect them from external injuries. 

179. The choroid coat, a, is a dark-coloured vascular 
membrane, containmg pigment cells (se 
In front, ^t ends by means of the 
ciliary processes, which consist of 
about sixty or seventy radiatmg 
folds. These fit into depressions 
in the suspensory ligament of the 
lens, and assist in keepmg it in its 
proper posibon. 

180. The trts may be regarded 
as a process of the choroid, with 
which it is continuous. It is a thin 
flat curtain, hanging vertically in the 
aqueous humour in front of the lens 
and perforated by the pupil for the 
transmission of light. It is composed 
of unstriped muscular fibres, one 
set of which being arranged circularly 
round the pupil, and, when neces- 
sary, effecting its contraction ; while *"« 10B-— AVemca 
another set lie in a radiating direc- ^"^^^ "o™. wd cor 
tion from within outwards, and by (Jacob'i membrane) nc« 
their action dilate the pupil. Thus ^^ choroid coat ; 3, the 
more or less light may be admitted !*'^i„,^^'^ "'i!^"' 

into the eye, and the function of the between 1 and 4, the inler- 

iris is like that of the diaphiagm in "' granular layer ; s. finer 
many optical instruments. ^e''^.cdu"7 fih!2^ 

181. The varieties of colour in the the opiic nerve- 8. limi. 
eyes of different individuals and of "^ membrane noii the 
different kinds of animals mainly "•"="" hnmour. 
depend upon the colour of the pigment, which is deposited 
in cells in the substance of the iris. 

182. Within the choroid is the retina (fig. 105). With 
the naked eye it is seen to be a delicate semi-transparent 
sheet of nervous matter, lying immediately behind the 
vitreous humour, and extending from the entrance of the 
optic nerve nearly as far as the lens. On examining the 
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retina at the back of the eye by an instrument called an 
ophthalmoscope^ we observe, directly in a line with the axis 
of the globe, a circular yellow spot called, after its dis- 
coverer, iht yellow spot of Sommering. The only mammals 
in which it exists are man and the monkey. It is the point 
of distinct vision. When we read a book, we run the eye 
along the lines so as to bring portions of the line successively 
on the yellow spot If, on the other hand, we carefully fix 
our attention on a word in the middle of the line, we see 
that word distinctly, because it is on the yellow spot, while 
the words towards each end of -the line are less distinct, 
being on other and less sensitive portions of the retina. 

183. The structure of the retina, as revealed by the 
microscope, is seen in fig. 105. It is now well known that 
the part really affected by light is the layer of rods and 
cones next the choroid, so that a ray of light passes through 
all the other layers ere it reaches this sensitive layer. Each 
rod or cone is probably in direct commimication with a 
filament of the optic nerve, so that, when excited by light, 
an influence is transmitted along this filament to the brain, 
and the consequence is a luminous impression. 

184. The transparent media through which rays of light 
must pass before they form on the retina the images of 
external objects are : 

185. Immediately behind the transparent cornea is the 
aqueous humour^ which fills up the chamber between the 
cornea and the lens. It is nearly pure water, with a trace 
of chloride of sodium. 

186. The crystalline lens lies opposite to and behind the 
pupil, close to the iris, and its posterior surface is received 
into a depression on the forepart of the vitreous humour 
(fig. 104)* In form, it is a double convex lens, with surfaces 
of unequal curvature, the posterior being the most convex, 
and the curvature is also less at the centre than towards 
the margin. 

187. The vitreous humour lies in the concavity of the 
retina, and occupies about foiur-fifths of the eye posteriorly. 

188. The appendages of the eye are : 

The muscles by which the eye is moved are four 
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Straight (or recti) muscles, and two oblique (the superior 
and inferior). By the duly associated action of these 
muscles, the eye is enabled to move through a considerable 
range without moving the head. 

The eyelids are two thin movable folds placed in front 
of the eye^ to shield it from too strong light, and to protect 
its anterior surface. The eyelashes intercept the entrance 
of foreign particles directed against the eye, and assist in 
shading that organ from an excess of light. 

The lachiymal apparatus consists of the lachrymal 
gland, by which the tears are secreted; two canals, into 
which the tears are received near the inner angle of the 
eye ; the sac, into which these canals open ; and the duct, 
through which the tears pass from the sac into the nose. 
The constant motion of the upper eyelid induces a con- 
tinuous gentle current of tears over the surface, which 
carry away any foreign particle that may have been 
deposited on it. 

189. Mechanism of Visiofu — ^The various uses of the 
different structures of the eye are readily understood. 
Assuming a general knowledge of the ordinary laws of 
geometrical optics, we will trace the course of the rays of 
light proceeding from any luminous body through the 
different media on which they impinge. If a luminous 
object, as, for example, a lighted candle, be placed at 
about the ordinary distance of distinct vision (about ten 
inches) from the front of the eye, some rays fall on 
the sclerotic, and being reflected, take no part in vision; 
the more central ones fall upon the cornea, and of these 
some also are reflected, giving to the surface of the eye its 
beautiful glistening appearance ; while others pass through 
it, are converged by it, and enter the aqueous humour, which 
probably also slightly converges them. Those which fall 
on and pass through the outer or circumferential part of 
the cornea are stopped by the iris, and are either reflected or 
absorbed by it ; while those which fall upon its more central 
part pass through the pupil. The rays now impinge upon 
the lens, which, by the convexity of its surface, and by its 
greater density towards the centre, very much increases 
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the convergence of the rays passing through it They- 
then traverse the vitreous humour, the principal use of 
which appears to be to afford support to the expanded 
retina, and are brought to a focus upon that tunic, forming 
there an exact, but inverted image of the object 

190. Accommodation of the Eye to Distance, — It will be found oh 
experiment that we cannot see a distant and a near object at the 
'same moment For example, if we look through a railing at a 
distant church spire, and fix our attention on the spire, we do not 
distinctly see the railing ; and vice versd. This was early observed ; 
but, imtil recently, the mechanism by which the eye accommodates 
or focuses itself for different distances was unknown. Cramer was 
the first to point out that if we bring a candle-flame near the eye in 
a dark room, we may see three images — ist, an erect image re- 
flected on the cornea ; 2d, an erect image on the anterior surface of 
the lens ; and 3d, an inverted and very faint image on the posterior 
surface of the lens. He also shewed that when the eye looks 
quickly at a near object, affer having been for some time directed 
to a distant one, the middle image moves forward nearer to the 
first, and also becomes smaller, shewing that for near vision the 
anterior surface of the lens becomes more convex. Helmholtz 
afterwards, by means of an instrument called the ophthalmometer^ 
measured the sizes of those reflections, when observed at near 
and far distances, and, from certain data, calculated by mathe- 
matical formulae the radii of curvature of the reflecting surfaces. 
Thus he shewed conclusively that the accommodation of the eye for 
different distances is effected by changes in the curvature of the 
anterior surface of the lens. The physiological explanation is as 
follows : 

The lens, which is elastic, is kept habitually in a state of tension 
by the pressure of the suspensory ligament, and consequently has a 
flatter form than it would take if left to itself. The ciliary muscle 
contracts, by a reflex mechanism, not thoroughly understood, when 
we look at a near object. By contracting, it relaxes the ligament, 
and thereby diminishes its elastic tension upon the lens. The 
anterior surface of the lens, consequently, becomes more convex, 
and thus the divergent rays from a near object are brought to a 
focus on the retina. The lens returns to its former shape when the 
ciUary muscle ceases to contract 

i9Jf« Defects of Vision, — It has been shewn that the human eye 
is not a perfect optical instrument in the sense of being accurately 
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corrected for spherical and chromatic aberration, but it is so nearly 
perfect in this respect that the defect escapes our notice unless 
looked for with special appliances, and consequently we suffer no 
practical inconvenience. In some people there is a defect called 
CLstigmatism^ in which the individual cannot see at the same distance, 
and in the same plane, a]horizontal and vertical line with equal dis- 
tinctness. It is due to differences in the vertical and horizontal 
meridians of the cornea or lens. There are two common forms 
of defective vision, however, which require notice — ^namely, short- 
sightedness or myopia, and long-sightedness or presbyopia. They 
are due to an abnormality either in the curves or in the density of 
the refracting media, or in the length of the horizontal axis of the 
eyeball. In short-sightedness from too great a refractive power 
from either cause, the rays from objects at the ordinary range of 
distinct vision are brought too soon to a focus, so as to cross one 
another, and to diverge before they fall on the retina ; the eye in 
this case being able to bring to the proper focus on the retina only 
those rays which were previously diverging at a large angle from a 
very near object. The correction for this deficiency is accomplished 
by interposing between the eye and indistinctly seen objects a concave 
lens, with a curvature sufficient to throw the images of external 
objects at the Ordinary distance of distinct vision backwards upon 
the retina. In long-sightedness ^ on the other hand, there is an 
abnormal diminution of the refractive power, so that the focus is 
behind the retina. This defect is corrected by a convex lens, which 
increases the convergence of the rays of light. 

192. Subjective Phenomena of Vision, — When small particles of 
matter occur in tl^ aqueous or vitreous humour, they cast shadows 
on the retina which appear to float in the air before the eye, often 
like small black dots, but sometimes assuming grotesque forms. These 
are called muscce volitantes. They are often seen during ill health, 
more especially if associated with bilious disorder. Another series 
of phenomena are produced by pressure on the eyeball, either 
continuous, or sudden as by a blow. Then a. number of rings of 
various colours, or a flash of light, may be observed. These are 
termed phosgenes^ and are due to mechanical irritation of the retina. 
Finally, if we fix the attention for a minute or two on a coloured 
surface, say a red wafer, brilliantly illuminated on a white ground, 
and then transfer the gaze to another part of the room, or shut the 
eyes, in a second or two a huge wafer, of a colour complementary 
to the one at first looked on, say blue, makes its appearance, and 
floats before us. Such phenomena are termed after-images^ and 

I 
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are accounted for by supposing that the light firom an iUuminated 
surface fatigues a limited area of the retina, and that the after- 
image is due to the changes in the ret^a which attend its recovery 
from this fatigue. The three classes of phenomena just described 
are all examples of optical illusions^ and must be distinguished 
from the delusions of the insane, which have their origin, iiot in 
the sense organ, the eye, but in the brain. 

193. Position of Objects on th^ Retina. — In consequence 
of the bending of rays of light by the refractive media^ 
the image of an external object is inverted on the retina, 
and yet we see objects erect The probable explanation 
is, that the mind may perceive as correctly from an inverted 
as from an erect image. When we glance at; a column 
from top to base, we move the eyeball downwards so as to 
bring successive parts on the yeUow spot, and it is the 
feeling of movement which informs us which is top and 
which is base, not the inverted position on the retina, of 
which we are really unconscious. 

194. Single Vision with two Eyes, — This phenomenon 
is explained by the fact that there are corresponding points 
on the retina, so that when, by the regular action of the 
muscles of the eyeball, an image is formed on a correspond- 
ing point in each eye, the mind is conscious of one image. 
If we alter the direction of the axis of one eye by pressing 
gently on the ball, an image is formed on a point of the 
retina of that eye which does not correspond, and con- 
sequently we squint, or see two images. 

Heaziag: 

195. General Description of Ear, — ^The organ of hearing 
is composed of three portions, the external, middle, and in- 
ternal ear. The external ear consists of the auricle, which 
presents elevations and depressions, the functions of which are 
to receive and reflect the vibrations of the air which consti- 
tute sound, and to transmit these by a tube, partly cartila- 
ginous, partly bony, called the auditory canal (fig. Ip6, a\ to 
the middle ear. The middle ear is named the tympanum or 
drum, b. It is a cavity in .the petrous or hard portion of 
the temporal bone. It is shut off from the auditory canal 
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by tbe mem^roMt of the drum, a thin stru c tur e capable of 
vibrating when acted on by the vibrations of the air. The 
tympanum communicates with tbe back of the throat by the 
Evstackiafi tube, c, the function of which is to equalise 
atmospheric pressure on both sides of the vibrating mem- 
brane; When this tube becomes stopped mechanically by 
enlai^ement of the tonsils, partial deafness is the result, and 
when cleared so as again to allow air to pass into the tym- 
panum, healing at once returns to its nonnal state. Across 




Elg. 106.'-G«nEiat 'N^iew of tlw Extcnul, Middle, and InteniBl Eat, ihewCng 
the mtenar of Ibe aaditory canal,, [ympaidc cavity, and Euuachian lube :i 
a, Uie auditory canal ; b, the tympanum ; c, tht Eustachian tu'bci leadiog 

buki seen on tbeir ejLteiior by the lemo wa l of the lunouading bony UsniCp 

the tympaniihi, we find a chain of small bones, one of wliicb, 
the malleus, or hammer (fig. 107, m), is attached by a long 
handle, k, to the drum ; this unites by a joint with another, 
the incus, or anvil, sc, Ic ; which in turn bears the stapes, or 
stirrup, s, tbe base of this being fixed to a small oval mem- 
brane closing an aperture, called the fenestra, ovalis, which 
communicates with the internal ear. The function of this 
chain of bones, which is really 3 jointed lever, is to convey 
vibrations from the membrane to the internal ear. 

196. Structure of Internal Ear. — The internal ear, or labyrinth, 
so called on account of its complexity of stmctore, is the essential 
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part of the organ of heaiing, because here ire find the filaments of 
the auditory nerre which are ultimately to receive impulses origin- 
ally produced by vibrutioiis of the air, and which are conveyed by 
the intermediate structures already described. It is made of three 
parts — the valiiule, or central part ; the saiticircidar cana!i, three 
in number, which communicate by 
five openings with the vestibule ; 
and the ceiklca, so called from its 
resemblance to a snail shelL Each 
of these parts is excavated fi'om 
the substance of the bone, and 
fonns the bony or ,o$seous laby- 
rinth ; bat within this we have a 
fibrous structure exactly corre- 
sponding in shape, the membran- 
ous labyrinth. The osseous is 
separated from the membranous 
labyrinth by a fluid called the 
Fig.107.— OiiklaortheLeftEw, perilymph, and vrithin the mem- 
■I mn '■™' '''= outaide i^l bt- branous portion there is another 

Z.''^jTt'^^'TT«^s^ ''"'<*' ^l^*^ ^ er^olymph. The 

fncaU; k. the fflinubiiimi ot terminations of the auditory nerve 

bindle; K, the ihortctui, and £-, end in vibratile structures in the 

the long™ of the incus: a, tlK membranous portion, and by the 

pomon rf ihc lenfculM p™^ presence of the two fluids just 

through the medium of which li ' ' 

aniculiies »Lih ihe luad of the mentioned, the most delicate vibra- 

stapea ; J, the bau of the itapei. tions of the air communicated 

directly to the drum and chmn of 

bones, or indirectly through the bones of the head, are conveyed to 

these structures, and by these to the nerves. 

197. Structure 0/ CocAlea.^-Tht: structure of the clichlea is very 
remarltable. It consists of a central pillar, round which a tnbe 
makes two and a half coils. This tube is divided oAo two com- 
partments by a partition, partly bony, partly membranous. The 
upper portion communicates with the vestibule, and, from its fancied 
resemblance to a stair, has been called scala vatibuli. Suppose 
we ascended this stair to the apex of the cochlea, we would there 
find a small opetiing communicating with the lower compartment, 
which has been called the scala tymfani. It received this name 
because at the bottom it communicates with Ihe tympanum by a 
round opening, called the finistra rehinda, closed by a thin mem- 
biane. The cochlear branch of the auditory nerve enters the base 



of the pillar just mentionei], and distributes branches to the mem- 
branoDS portion of the scalx. Bot this is not all. Between the 
two scal^e or staircases, in a triangular space, there is a remarkable 




trcmllr of each ; C, the c«Uu 
scala [yajpaiiif bdow Ihs spiral l am i na - 

oigan, called the Organ ef CorH. This is a complicated structure 
which space will not allow us to describe, but essentially it consists 
of three or four thousand jointed rods, bearing ciliated cells called 
hair <dls, which are apparently capable of vibrating. These are 
connected with auditory nerve filaments. Viewed from above, the 
oi^an of Corti presents an appearance somewhat like the key-board 
of a piano. 

198. Functions of Parts of Ear. — We know little regard- 
ing the functions of the different parts of the internal ear. 
That they have different functions, we infer from the struc- 
ture being so dissimilar, and also from the facts of compara- 
tive anatomy. In the animal kingdom, the vestibule first 
appears ; to this are superadded the semicircular canals ; 
and lastly, the cochlea, which increases in complexity from 
the lower orders of the mammalia up to man, in whom it is 
one of the most compUcated organs of the body. The 
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vestibule probably enables us to experience a sensation 
of sound as such ; the semicircular canals may assist in 
determining the direction of sounds, or, according to recent 
researches, may so affect us as to give us the sense of equu 
librium or of rotations while there are many arguments 
in favour of the view that the cochlea, as we find it in 
man, with a highly elaborated organ of Corti, may be the 
mechanism by which we aj^^reciate the idtch and quality 
of musical sounds, which act so powerfuUy in exciting the 
emotions. 

199. Range of Hearing, — The rai^ of hearing, like that of 
vision, varies in different persons. Some are insensible to sounds 
that others hear. Many cannot hear the chiip of a grasshopper or 
the squeak of a bat, two of the shrillest sounds in nature. The 
range of the ear is much greater than that of the eye in detecting 
movements which produce vibrations. Tims we hear the sound 
produced by a vibrating rod or string loi^ after we have ceased to 
see the movements. The range of the human e&r is probably nine 
or ten octaves. The lowest sound recognisable as musical is pro- 
duced by about 32, and the highest by about 32,000 vibrations per 
second. 

The HoBColar Sense. 

200. There is still another sense, called the muscular 
sense, or sense of weight. If we close our eyes, and hold 
a weight on the palm of the outstretched hand, we experi- 
ence a peculiar sensation. It is not referable to any of the 
five senses, except, perhaps, to touch. But it is not simple 
touch. We are conscious of an effort to sustain the weight, 
and of a firm condition of the muscles of the arm. This 
sensation is • the muscular sense. It is the sensation we 
experience when any groups of the voluntary muscles are 
called into action, and by it we become aware of the con- 
dition of these muscles. By means of this sense, we stand 
erect, we walk, balance ourselves on a narrow ledge, throw 
stones or weapons, play on many instruments, &c. ; and it 
adds largely to our feelings of pleasure. It is chiefly by 
means of the muscular sense that we receive our notions of 
solidity, relief, and of things being external to, and at a 
certain distance from, ourselves. 



VOICE AND SPEECH. 



VOICE AND SPEECH. 

201. There is a difference between voice and speech. 
Voice is a sound produced by vibrations of two thin folds of 
membrane called the vocal cords, placed in the larynx, at 
the top of the trachea or windpipe : speech is the modifica- 
tifm of voice into sounds connected with certain ideas pro- 
duced by the action of the brain, which we wish to com- 
municate to our fellow-men. Many animals have voice ; 
none, except man, have articulate speech expressive of" 
ideas. The organ of voice is the larynx (behind the Pontunt 
Adami), the structure of which is complicated, and cannot 
be here described. It consists of various ca rt ilages and 
muscles, the object of which is to tighten or relax the 
maipns of two folds of membrane, called the vocal cords 
By die vibrations cf these cords voice is produced, and by 
tightenmg or relaxmg, separatmg or approximating them, 
we obtain various modifica- 
tions of voice. When a high 
note IS sounded, Ae cords are i 
tense and close together (fig 
109) , and, on the contrary, 
when we smg a deep bass 
not^ they are relaxed and 
wide apart The quality and 
compass of the voice differ m ' 
individuals In men, the high- 
est IS the tenor , the lowest, 
the bass, the intermediate, the 
barytone. In women, the conesponding notes are the 
soprano, the contralto, and the mezzo-soprano. The differ- 
ence between the deep bass of a man and the shrill 
soprano of a woman, is, that in the man the cords are 
longer and less tense than in the woman. 

202. Speech is voice so modified by the action of the 
throat, tongue, cheeks, and hps, as to mean or indicate 
objects, properties, id»s, &c This is language. If we 
breathe quietly, without causing the vocal cords to vibrate 




^ig 109 — CondiDon of the Larynx 
vocal cord rvct £ilse vocal cord 
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and modify by the action of the mouth, &c. the volume of 
air expelled, we produce whispering. 



THE FUNCTION OF REPRODUCTION. 

203. The third great function of animal life is reproduc- 
tion, by which the species is perpetuated. It is beyond the 
scope of this work to treat of this subject in detail, but it 
may be briefly stated that three modes of reproduction may 
take place. These are : 

Abiogenesisy or the production of beings without any 
parent. This mode, sometimes termed spontaneous genera- 
Hon, is denied by all but a very few, and if it do occur, it is 
only amongst the very lowest forms of animal or vegetable life. 

Parthenogenesis^ or the production of a series of oflf- 
spring, often of various forms, as the result of one sexual 
act. This mode of reproduction, sometimes known by the 
term alternation of genercUion^ occurs among many polypes, 
worms, and in the aphides^ or plant-lice. 

Homogenesis, or the production of offspring from a germ 
or germs formed by a female, and fecundated by a male 
parent Sometimes both male and female organs exist in 
the same individual, which is then termed a Hermaphrodite, 
Homogenesis is the highest and most differentiated mode of 
reproduction. 



ANIMAL HEA T. 



204. All the processes hitherto described, whether physi- 
cal or chemical, contribute to produce heat The great 
source of heat in the body is the oxidation processes which 
take place in almost every tissue and in every organ. The 
circulating blood acts as a conductor or distributer of heat, 
so that the uniform temperature is about 98-4° Fahr. It is 
much the same in other mammals, but it is higher in birds. 
Animals, such as man, which maintain a constant tempera- 
ture, are called warm-blooded^ while those which have no 
constant temperature, and have a temperature usually only 



LIFE. 137 

a few degrees above that of the medium in which they live, 
are called cold-blooded. The body is always losing heat by 
radiation and conduction. To maintain the body at a uni- 
form temperature, whatever that of the outside medium may- 
be, arrangements are made by which the amount of heat 
eliminated and the amount of heat produced areTcept at a 
balance. Thus by the use of clothes, by the activity of the 
skin, by the nature of the food, and by the amount of 
muscular exertion, the heat is maintained and regulated. 



LIFE, 

205. It is impossible to define what life is. Many 
attempts have been made, and probably the most suc- 
cessful is that of B^clard : * Life is organisation in action.' 
The word life suggests vitality ^ and physiologists frequently 
speak of vital forces, or vital actions. By a vital action is 
meant simply an action which we cannot explain by 
any chemical or physical laws at present known. The time 
may come when some phenomena now considered vital 
may be so explained. These vital phenomena, at pres- 
ent unexplained, may be thus enumerated : (i) differentia- 
tion in growth, that tendency which an ovum has, by 
hereditary peculiarities, to develop into a particular kind of 
animal, or that tendency which causes the apparently similar 
cells of the embryo to develop into the various kinds of 
tissues ; (2) contractility, the property of muscular fibre ; 
(3) sensibility, the property of nervous tissue. Lastly (4), 
mental acts, including sensation and volition. Now it must 
be pointed out that we are acquainted with many of the 
physical conditions of these phenomena, but not with all. 
When we know all the physical conditions, then we shall not 
speak of them as vital phenomena. Even at present no 
scientific physiologist assumes the existence of a 'vital force' 
as distinct from other forces, but he contents himself by 
stating that there are various phenomena which in the 
present state of science he cannot explain by known 
chemical or physical laws. 
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206. It may be noted also that in an individual we find 
different manifestations of life. Thus we have the life of 
each independent cell or fibre, the life of each oigan, and 
lastly the life of the whole individual, or somatic life. 



DEATH. 

207. Death is the cessation of all vital phenomena, 
without the capability of resuscitation. During the whole 
of the lifetime of an individual there is death in one sense 
occurring here and there throughout the body. Each 
tissue is developed, grows to maturity, performs its func- 
tions, decays, and dies. Probably no tissue lasts through- 
out the whole of the somatic life. Thus the cells of the blood 
are continually changed. Again hairs, nails, feathers, and 
teeth have each a certain period of existence, at the tennina- 
tion of which they die and separate from the rest of the 
body. At last, however, a time comes when the general 
death of the body takes place. This is what we usually 
term death. It results from failure either of the action oi 
the heart, of the lungs, of the brain, or from death of the 
blood, as in cases of severe septic poisoning. Death 
beginning at the heart (Jointing) is termed syncope^ at the 
brain, conuiy and at the lungs, asphyxia. When the action 
of the heart becomes weaker and weaker until it ceases to 
beat, either from feebleness of its walls, or from poisoning 
by carbomc acid or want of oxygen, in consequence of a 
state of asphyxia, death is said to occur by asthenia. After 
somatic death, the tissues may live for a short time^ but 
they gradually die one by one. Muscular irritability dis- 
appears, and the muscle stiffens from coagulation of its 
substance. This rigid state, the 'stif&iess of death,' is 
called cadaveric rigidity. Aifter a time the rigidity passes 
off, the muscles and other tissues become soft, and the- 
body, subjected to the physical and chemical agencies of 
nature, is resolved into the elements of which it was at first 
composed. 



QUESTIONS. 



Section 3, 4. Describe a vertebra, and point out the peculiari- 
ties which distinguish a cervical from a dorsal vertebra. 

6. Enumerate the bones entering into the formation of the skull. 

8. What varieties of skulls are met with in the human race? 

I 

9. Describe the framework of bones forming the thorax. Wha,t 
is the use of the cartilages which join the ribs to the sternum ? 

10. Enumerate the bones found in the upper extremity. How 
would you know the right from the 1^ radius ? 

11. Describe the general structure of the pelvis, mentioning the 
bones which enter into its formation. How is the foot adapted for 
stability ? 

12. Mention the points in the structure of the human skeleton 
which adapt it for the erect position. 

13. "What are the different varieties of joints? Describe the 
structures entering into the formation of such a joint as the elbow- 
joint How are the bones of the skull fixed together ? What is 
the structure of the joint which permits of the movements of the 
head on the top of the vertebral column ? 

14. What structure forms what we term the * flesh ' of a limb ? 
What varieties of muscles, as regards physiological action, are met 
with in the human body ? What do you understand by supination 
and pronation? What is the permanent condition of the fore-leg 
of a dog? 

16. What orders of levers are met with in the human body? 

19. What advantage is gained by levers of the third order where 
the power is inserted near the fulcrum? Classify the levers of the 
body according to their physiological purpose. 

21. Why does the head drop forwards during sleep ? How is a 
man enabled to stand upright for a considerable time with little 
muscular fatigue ? 
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22. Describe the moYement of walking, and contrast it with 
that of running. Indicate generally the position of the principal 
organs in the abdominal and thoracic cavities. 

23. What is the meaning of ' Histology?' What instrument is 
necessary in histological work ? What do you understand by the 
phrase, * a magnifying power of 250 diameters linear ?* 

24. Give an example of a structure formed by aggr^[ation of 
molecules. Mention a physical condition which apparently affects 
the form of bodies produced by molecular aggregation. 

25. Enumerate various kinds of molecular movement How 
could you demonstrate ' Brunonian' movements, and why are they 
so called ? Can you explain why a frog found in a corn-field may 
be of a pale yellow colour, while one found in darkness is usually 
of a dark-brown ? What is the physiological bearing of Mr Lister's 
investigations on pigment cells ? 

26. Describe the parts of a typical celL 

28. Draw and describe the form of various cells. 

29. What is protoplasm ? 

30. What do we know regardingthe chemical constitution of cells? 

31. What phenomena are manifested by living cells ? What is 
one of the most remarkable phenomena of inflammation? How 
does the growth of a cell differ from the growth of a o^stal? 
What is the amoeba ? Compare its actions with those of a similar 
structure found in the body. 

32. What are the conditions necessary for cell-life? 

33. How could you readily demonstrate to children the growth 
of cells by budding? By what various modes may cells multiply? 

34. Classify the varieties of cells met with in the hmrian body. 

35. What do you mean by epithelium and endothelium? 
Describe the microscopical appearance of a drop of saliva. Draw 
the form of the varieties of epithelial cells. 

36. Where is endothelium met with, and how may it be 
demonstrated ? 

37. Describe ciliary motion, and mention how you could readUy 
shew it to a class of children. 

38. Mention the localities in the body where pigment is found. 
What is an albino ? Why have white rabbits usually ' red ' eyes ? 

39. Describe the microscopical appearance of fiait What are 
the uses of fat ? 
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40. What are the varieties of fibres met with in the body ? 

41-42. What are the microscopical appearances of white fibrous 
and elastic tissues, and why are they so called? How could you 
quickly detect fibres of elastic tissue mixed up with those of white 
fibrous tissue ? 

44. Where is involuntary muscle found ? 

45. Describe the structure of striated muscle. 

46. What is the chemical composition of muscle ? What is the 
cause of rigor^ mortis? Why does a muscle become acid after 
severe work ? 

47. What is the special vital property of muscle? By what 
various methods may a muscle be stimulated ? What is the natural 
stimulus of a muscle ? 

48. How does a muscle produce mechanical movement ? What 
is the meaning of the phrase, 'period of latent stimulation?' Is 
there any definite relation between the amount of work performed 
by a muscle and the amotmt of stimulation ? If not, why not ? 

49. What is the meaning of 'muscular fatigue?' What is 
cramp or tetanus ? 

50. 51. What physical phenomena are exhibited by muscle at 
rest and in a state of activity ? 

51. How may the electrical condition of living muscle be 
demonstrated? What change occurs in this condition during 
action, and what is this change called ? 

52 « Distinguish between the optical appearance of a tube and 
of a fibre when viewed under the microscope. 

53. Describe the appearance of fresh cartilage when seen by 
the naked eye, and when a thin section is placed under the micro- 
scope. 

54. Enumerate the varieties of cartilage. 

55. Describe the microscopical appearance of a thin section of 
bone, and contrast a longitudinal with a transverse section. How 
is a bone nourished ? 

56. Describe the changes in the growth of a bone. What, is 
the function of periosteum ? 

57. What is the chemical constitution of bone ? 

58. Enumerate the chief elementary chemical constituents of 
the body. 
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59. What are the diief incMqgBiiic oompoiiiids found in the 
body? How much oommoii salt exists in an aveiage human body ? 

6O9 61. What are the duef otgudc oompoimds? Gatc ex- 
amples of nitzogenoos and of nop^ uti ogen o ns compoands, stating 
the source of each. What do you understand by the tenn 'albu- 
minous derivatives ?' Give «»'gampl<ic What varieties of sugar are 
met with in the body? Wliat is the chemical composition of a 
' &t ?/ Give examples of substances found in the body constructed 
on the type of an aloohoL 

62-66. Describe the7*diemical changes oocuiring in the living 
body. Why is it so difficult to investigate these chemical changes ? 

67. Give examples of ferments found in the body. What pro- 
cesses analogous to fermentation occur in the body? 

69. Describe generally the process of nutrition. 

71. Why is it necessary to take food ? 

72. What is the composition of the atmosphere? What is the 
phy^ological importance of the atmosphere ? 

73. What is the physiolc^cal importance of water? 

74. Classify the proximate constituents of food, and give an 
example of each. 

75. What conditions determine the amount of food? 

76. What is the average amount of dry food required by a hard- 
working labourer in twenty-four hours? How much water must 
be combined with the food ? 

77. On what circumstances does the nutritive value of food 
depend? Contrast the composition of various articles of food 
mentioned in the table on page 61, and shew how, by combining 
two or more of these, a nutritive diet may be formed. 

78. Describe the process of mastication. Enumerate in proper 
order the teeth in the human adult Describe the structure of 
a tooth. 

79. What are the nerves of the tongue? 

80. Describe the structure of a salivary gland. What are the 
chemical composition and functions of saliva? 

81. Describe what is known r^arding- the innervation of the 
salivary glands. 

82. Describe the process of deglutition. How is the food pre- 
vented from getting into the windpipe during swallowing? What 
is the mechanism of a simple reflex action ? 
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83. What are the nerves concerned in d^lutition? Enumerate 
the parts of the human alimentary canal in their proper order, 
beginning at the mouth. 

86, 87. Describe the structure of the human stomach. 

88-90. What changes occur on food in the stomach ? What 
is the composition of the gastric juice ? , 

92. Describe what occurs in the stomach after a glass of milk 
has been swallowed. 

94. What are the conditions favourable for good digestion ? 

95. Describe the process of rumination. 

98. Describe the naked eye and microscopical appearance of the 
mucous membrane of the bowel. 

102-104. What are the functions of the bile^ pancreatic juice, 

and intestinal juice as regards digestion ? 

105- What materials are ejected from the body in the faeces ? 

106. What is chyle? Describe its microscopical appearance. 
By what channels does the chyle enter the blood? 

108. Enumerate the various sources from which blood is 
formed. 

109. Enumerate the blood-glands. Why do they receive this 
name? 

110. What is lymph? 

111. What are the principal points of interest in the micro- 
scopical structure of the spleen ? 

113« Describe the microscopical appearance of a drop of human 
blood, and contrast it with that of a camel, a hen, a frog, and a 
fish. ■ 

115. Describe the phenomenon of the coagulation of the blood. 

117. Describe the structure of capillary blood-vessels. What 
are their functions ? 

118. Give a description of the cavities of the heart in their 
physiological order. 

119. What do you mean by the terms 'pulmonary and 
systemic circulations ? ' 

120. How is the blood prevented from passing backwards from 
ventricles to auricles? 

120-126k Enumerate the various forces concerned in the circu- 
lation of the blood. 
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123-128. What function does the elasticity of the greater 
blood-vessels perform in the circulation? How is the 'pulse' 
produced? How often does it beat per minute (i) in early 
infancy ; (2) in old age ; (3) in middle life ? What other circum- 
stances affect it ? 

130. Describe what is known regarding the innervation of the 
heart. What do you mean by the term 'vaso-motor?* What is 
the function of the ' depressor ' nerve ? 

131. What is respiration ? 

134. Describe the ultimate structure of a portion of lung, 

135. How is the air introduced into the chest, and how is it 
expelled ? 

136. 137. What varieties of respiration are met with as regards 
sex and' age? What is the ratio between the number of respira- 
tions and the number of pulsations per minute ? 

138. Describe the meaning of the term ' vital capacity.' 

139. Illustrate the bearings of a knowledge of respiration on 
theories of ventilation. 

140. What is the ' respiratory system of Bell ? ' 

141. What are the conditions of healthy nutrition? What is 
growth? 

142. Upon what conditions does healthy secretion depend? 
Draw a plan of a simple secreting structure, and shew how it may 
be modified into the various kinds of glands. 

143. What is meant by 'excretion' as distinguished from 
* secretion ? ' 

145- Describe the minute structure of a lobule of the liver. 

146. What are the functions of the liver ? 

147. What is the glycogenic function of the liver ? 

148. Give the qualitative composition of bile. 

149. Describe the appearance of a vertical section of human 
skin, mentioning specially the appearance of the two kinds of 
glands. 

150. What is perspiration ? How is it carried off from the 
surface of the body? 

151. What are the functions of the skin ? 

152. What structures are seen with the naked cfe when a 
kidney is cut open longitudinally ? How are the blood-vessels of 
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the kidney related to the uriniferous tubules ? Illustrate this by 
means of a diagram. 

153. Give the composition of healthy human urine. 

.155. What conditions influence the amount of urine secreted ? 

160. What is the naked eye appearance presented when a thin 
slice is cut off the surface of a sheep's brain, and when a spinal 
marrow is cut across ? 

161. Shew by a drawing the minute structure of a nerve. 

162. What are the varieties of nerve-cells met with in the 
nervous centres ? Draw the various forms. 

163- What is the rapidity of the nerve-current ? 

165^ 166, What is the difference, as regards position, between 
the nervous system of an invertebrate and that of a vertebrate 
animal ? Enumerate in order from before backwards the ganglia 
in the brain of a vertebrate. Contrast the brain of a frog with the 
brain of a pigeon. 

166-168. What are the functions of the convolutions of the 
brain ? What are the chief points of difference between the brains 
of a cat or dog and of a man ? 

168. Mention generally the functions of the great ganglia forming 
the brain. 

169. Suppose an exposed nerve, the functions of which are 
unknown, be irritated, what possible results may follow, and why ? 
What is the difference physiologically between a nerve of general, 
and of special sensibility ? 

170. Enumerate the cranial nerves from before backwards, 
stating the chief functions of each. 

171. What are the functions of the spinal cord ? Explain why 
injury to one side of the brain may cause paralysis on the opposite 
side of the body. What would be the effect of cutting half-way 
through one lateral half of the spinal cord ? 

172. What are the general functions of the sympathetic system 
of nerves ? 

173. What are the organs of touch in the skin ? 

174. What organs have recently been discovered which may be 
regarded as the terminal organs of taste ? 

1 75. Draw the structures found in the upper part of the nose 
connected with the sense of smell. 

J 
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176. Through what transparent structures must a ray of light 
pass before it reaches the retina of the eye ? 

180. What is the structure of the .iris ? What axe its functions ? 

182, 183« Describe the appearance of a vertical section of 
retina. What p^rt of it is really sensitive to light ? How is this 
part connected with the optic nerve? 

188. Describe the apparatus for the secretion of tears. How 
can you explain physiologically the copious secretion of tears fol- 
lowing mental emotion, or the application of an iiritant to the eye ? 

189. Explain generally the mechanism of vision. 

190. How is the eye accommodated for distinct vision at diferent 
distances ? 

191. Is the eye a perfect instramekt optically? If not, what 
are its defects ? 

192. Mention the chief subjective phenomena of vision. 

195. What are the parts forming the organ of hearing which 
can be seen with the naked eye ? 

197. Describe generally the structure of the cochlea, and mention 
what its fimctions probably are. 

198. What functions have been ascribed to the semicircular 
canals ? By what apparatus do we appreciate musical sounds ? 

199. What are the physical conditions of a musical sound ? 

200. What do you understand by the muscular sense ? 

201. What is the general mechanism of the organ of voice? 
What is the condition of the larynx in singing high and low notes ? 
What are the varieties of the human voice ? What is the difference 
between voice and speech ? 

202. How is the condition called whispering produced? 

203. What are the various modes of reproduction ? 

204. What are the sources of animal heat? Mention also the 
temperature of the human body. 

205. What are the conditions usually termed 'vital phenomena ?* 
207. What is death ? What do you understand by the terms 

* molecular 'and 'somatic' death, and what are the immediate 
causes of the latter ? 
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Abdominal respiratiozu 98 

Abducens nerve (from dbdwaf^ to 

draw from) \ xz8 

Abductor musdes^ 34 

AUogenesis (a, privative, Hos^ 

life, and genesis, generation) 136 

Abomasum, the fourth stomach of 

a ruminant..... •••7z 

Absorption .....77 

Acetabulum, the name of a hemi- 
spherical cavity found in the os 
innominatum, for receiving the 

head of the femur ....x8 

Adds, inorganic, 51; organic, 

found in the body 52 

Acromion (from acro^ a point, and 
onwSt the shoulder), a process 

on the scapula x6 

Actinozoa {akiiftf a ray of light, 
and ZOOM, a living being), nexw 

vous system of , ixz 

Adam's apple 95 

Adductor musdes (from adduco, 

to draw to) 24 

Adipose or latty tissue. 39 

Afterimages. 139 

Air, amount of, used in respiration* 
97 ; physiological importance of, 

58; composition of. 58 

Air-cells of the lung. 5)6 

Albino (from aHus, white), a 
Spanish word applied to indi- ^ 
vidoak of the human race who 

have the slda and hair white. 38 

Albumen 51 

Albuminous materials of food. 59 

Alcohols, chemical constitution of. ..52 
Allantoin (from ailas, a sausage). . . X07 
Amoebaf nutrition Jn 57 
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Amoeboid (from ameido, I change) 

movements 34» 8a 

Amphiarthrofiis (from ampkiy on 
all sides, and arthrosisy an artic- 
ulation), a mixed kind ;of joint. . , .af 
Anatomy (fiom ana and temnein^ 
to cut), the study and knowledge 
of the number, shape, situation, 
structure, and connection of or- 
ganised bodies— general anat- 
omy of the body, 7 ; systematic 

or descriptive.. 8* 

Animal heat X36 

Annelids^t nervous system in xza 

Aphides, reproduction of X36 

Aqueous humour. X26 

Areolar tissue .40 

Arteries, structure of, 85 ; influence 

of elasticity of, on drculation. . . ..90 
Asphyxia (from a, privative, and 

spkyxis, the pulse) X38 

Asthenia (from <r, privative, and 

sthtnos, vigoiur). X38 

Astigmatism (frcnn a, privative^and 
stigma, a spot), a term applied 
by Bonders to the phenomena 
which result from inequality of 

the refractive m^dia.. xag 

Astragalus, one of the bones of the 

ankle x9 

Atlas (from atiao, I sustain), the 

first cervical vertebra xx 

Auditory canal, 130 ; nerve. ...... . xx8 

Auricle (diminutive of a$tris, the 

ear) of the heart 85 

Axis, the second cervical vertebra.. xz 
Axis cylinder of nerves X09, xio 

Bacteria, movements of 30 
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Ball-and-socket joints aa 

Bases, inorganic, found in the 

body 51 

B^clard's definition of life 137 

Bell, respiratory system of xoo 

Bile, composition of, Z03 ; function 

of, in digestion 74 

Bile acids 103 

Bilirubin, or red bile pigment 103 

Biliverdin, or green bile pigment . . 103 
Bioplasm (from bios, life, and 
plasma^ matter), a term pro- 
posed by Dr Lionel Beale to 
denote the living matter of living 

beings 33 

Bladder. 107 

Blood, amount of, in body, 83; 
microscopical appearance of, Ba ; 
chemical composition of, 8a ; cor- 
pusdes in, 8a ; coagulation of, 
83 ; its circulation, Bi ; source 

of^ 78 ; glands for forming 79 

Blood glands, enumeration of. 79 

Blood-vessels, description of 84 

Bone, chemical constitution of, 49 ; 
growth of, 48 ; minute structure 
of, 47 ; mode of preparing micro- 
scopical sectbns of. 48 

Bone corpuscle 48 

Bones, general description of. 8 

Bowels, digestion in 71 

Brachycephalae (from Bretchys, 
short, and ctphaU, the head), 

short heads. 14 

Brain, description of human, 1x4 ; 
diagram of ideal, xza ; functions 

oft 1x6; ganglia of. zxa 

Bronchi 95 

Bronchial tubes 95 

Brunner's glands 73 

Brunonian movements of mole- 
cules, named after Robert 
Brown, the celebrated botanist, 
who first described them ; some- 
times termed Brownian move- 
ments « 30 

Buccal glands (from bucca, the 
cheek) * 64 

Cadaveric rigidity .X38 
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QstaxBo. (from aectu, blind), a cul- 
de-sac or pouch forming the 
first part of the great intestine. .•« 73 

Canaliculi of bone ..48 

(Capillaries, description of, 84 ; 

circulation in the 9a 

Carbo-hydrates of food 59 

Carbon, amount of, excreted in' 

twenty-four hours .97 

CCamivorous animals, stomach in.... 70 
Caxptis, the wrist, description of. . ...17 
Cartilage, general description o^ 

46; varieties of. 46 

(Casdn 5z 

Oil {fiom. cello, a small cavity)* 

general description of 3X 

C^lls, .movements of contents of» 
30 ; size of, 3Z ; form of, 33 ; 
chemical constitution of, 33 ; 
phenomena of vitality . in, 33 ; 
conditions necessary for cell 
life, 34 ; reproduction of, 34 ; 

varieties of 35 

Cement of tooth 63 

Cerebelliun xz4 

(^rebxin ". 5a 

Cervical [cervix, the neck), be- 
longing to the neck. \i 

Chemical changes in the living 

organism 53 

Chemical constitution of the body.. 50 
Cholestrin {fiAoie, bile ; stereos, 

solid) S3 

(Dhondrin {ckondros, cartilage). . .41^ 53 

Chorda tympani nerve .,. . . zsz 

Choroid coat (from chorion, a skin, 

and. eidas, likeness) X35 

Chromatic aberration of eye 139 

Chyle (from chylos, juice) 77 

Chyme 71 

C^iliary {fiUunty a hair) action, 

description of. 37 

Ciliary processes. 125 

Circulation of the blood, 83, 84 : 
discovery of, 84; influence of 

nervous system on the 90 

Circumduction (from drcusn, 
round, and duco, to lead), a 

kind of movement of a limb 35 

Circumvallate papillae of tongue. . ..xsa 
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Clavide (diminutive of clatns, a 

key), the collar-bone x6 

Climate, effect of, on nature of 

food. 60 

Cochlea 132 

Colon (from koilan, hollow) 73 

Colourless cells of blood, descrip- 
tion of, 83 ; formation of 8z 

Complemental air of lungs 99 

Condyle (from kondylos, an emin- 
ence), an articular eminence 
round in one direction and flat 

in the other 19 

Connective tissue 40 

Connective tissue corpuscles 40 

Contractility, general characters of. 137 

Contractility in arteries 85 

Contractility of muscle 43 

Convolutions of brain. xx6 

Corpora quadrigemina, ganglia in 
brain (four in number — hence 

the name) zx6 

Corpan. striata, ganglia in brain 
(so named from their striated or 

streaked appearance) zi6 

Corpuscles, blood, 83; varieties 

of, 83; effect of reaffents on 83 

Corti, organ of (named after its 
discoverer, the Marchese di Cozti)ix33 

Costal^ pertaining to the ribs 15 

Costo-inferior respiration, 98; 

costo-superior respiration 98 

Coughing zoo 

Cranial cavity, Z3 ; nerves... xz7 

Cranium (from cranost a helmet), 
the bones which form the case 
for the brain and its membranes. .Z3 

Creatin (from kreaSt flesh) 53, Z07 

Creatinin 53, Z07 

Crusta. petrosa (or cement, a por« 

tion of tooth) 63 

Crustaceae, nervous system in ...... z Z3 

Crystalline lens Z26 

Cuboid, one of the bones of the 

ankle, so named from its shape. . . . Z9 
Cuneiform (firom cwuus, a wedge, 
and fomta, shape), one of the 

bones of the wrist Z7, Z9 

Cutis vera 104 

Cystin (from hytiit, a bladder) 53 
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Cytoplasm (from kyiost a cell, and 
plasma^ matter), the matter 
from which cells are formed 32 

Death Z38 

Decompositions in the body 54 

Deglutition, description of, 65 ; 

nervous mechanism in 66 

Delusions 130 

Dentine 63 

Dentition of human being 63 

Depressor nerve, action of, in the 

heart 93 

Derma X04 

Diaphragm (from diaphragma, a 
partition wall) — the midriff; the 
muscular septum which separates 

the thorax from the abdomen 97 

Diarthrosis (from dia, separation, 
and artkrositf an articulation), 

a movable joint 3Z 

Diastole (from diastole, a drawing 
apart, or dilatation), the dilata- 
tion of the walls of a cavity of 

the heart 9Z 

Differentiation in growth Z57 

Digestion, conditions favourable for.. 70 
Digestion in stomach, 68; time 

required for 70 

Diploe (from diplottt diploos, 
double), the cellular bony struc- 
ture which separates the two 
tables of the skull from each 

other X3 

Dolicocephalae (from doUchos, 
long, and cephale, the head), 

long heads 14 

Dorsal, belonging to the back zz 

Duodemun {itomduodeniy twelve), 
the breadth of which was esti- 
mated by the ancient» to be 
about twelve finders' breadth 73 

Ear, structure of internal, Z3z; 
functions of parts of Z33 

Echinodermata (from eckinos^ the 
sea-hedgehog, 9xA derma, skin), 
nervous system in zz3 

Elastic tissue 4Z 

Elasticity in arteries. 85 
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FACE 

5» 

tndty, and Umms, rtate or 

ditioD) state of nerve zzx 

Elementary fhrmical tuuslitucB ls 

wund ni ne DOoy.......... .. ....5c 

Enamel fo 

Endogenoos (from m^, witiiin, 

ssaA £titH4iOt I engender) Ioibup 

tioaofcdls 34 

Endoljmph 13s 

Endothelial cdls in caiwllaries^ . .^ . .84 

Endothelinni, de s c rip tion of 36 

Eptdemns (from C^ npon, and 

derma, skin), modificatioo of X05 

Epiglottis (from tpif upon, and 

glottis, the mouth of the wil£l- 

pipe) 65,95 

Epiphysis (from epiphysis, epi, 
and phyo, I grow), any portion of 
bone separated from the rest of 
the bone by cartilage which be- 
comes couTerted into bone by 

age 49 

Epithelium (from epititkemi, to 

place uponX description of. 35 

Equilibrium, conditions o^ in the 

body,37; sense o( 134 

Erect position, adaptation of skele- 
ton of man to 20 

Ethmoid (from ethmos, a sieve) 
bone — so named from bong per- 
forated by numerous holes 13 

Eustachian tube (named after an 
ancient anatomist, Eustachius), 

131 : clostue of, in deafness. 131 

Excito-motor action, description o£.66 
Excretion, general characters of. . . xoa 
Exogenous (fit)m ex, without, and 
gennao, I engender) formation of 

cells 34 

Expiration » • '97 

Extensor muscles 24 

Eye, general description of, 123; 
accommodation of, to distance, 
228 ; appendages of, 126 ; single 

vision with two eyes. 130 

Eyelids *. 137 

Facial nerve xx8 
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rf. 76 

Fascia. &e Latin Bane far a bn^ 

as 

bundle) of iiscl e 42 

Fat, descripCiaB o^ 38 ; OSes o^ 39 ; 

Hirmical coBs ti t u tion of. 52 

Fatty materials of food 59 

FatigD^ mnscuar. ............... .44 

Femnr, tiie tlugb4»oiie. x8 

Fenestn niHinda (the rouod win- 
dow) 133 

FefmentatioBS in Ae body -^S4> 55 

Fifaresi, varieties of. 39 

Fibrillae (small fibres), in nmsde. . . .43 
Flfarine, in coagulation of blood. . . .83 
Fibrinogen {JUrm and gemnao, 

I pro d uce) 83 

Fibrinoplastic substance 83 

Fihrp-caTtihge 46 

Fibnms elements 39 

Fibula, one ofthe bones of the leg.. X9 
Filiform ,(from fibtm^ a diread, 

ffrma, likeness), thread-like X3a 

Fish, brain of xx3 

Fisaparous {from.^fuUre,yissumt ' 
to split, and parere, to bring 

forth) formation of cells 34 

Flavour... xsa 

Flexor musdes 24 

Food, dasafication of, 59 ; necesr- 
sity for, 57; conditions deter- 
mining quantity of, 60 ; relatioa 
of work to, 60 ; varieties 6f, 61 ; 
percentage composition of arti- 
cles of. 6x 

Foot, structure ofthe 30 

Frog, brain of, 1x3 ; movements of 
molecules in pigment-cdls in 

skin of. 31 

Frontal (relating to the front) bone..x3 
Fungiform {ftomJfmgMS, a mush- 
Toomj/orma, likeness) i)apillae..xa3 

Gall-bkdder 75 

Ganglia (from gangium, a tumour 
tmder the skin) ofthe heart. 92 

Gastric juice, physical and chemi- 
cal characters of, 69 ; action of. . . .69 

Gelatin (from gelu, frost) 51 
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Odatinoiis materials 6f food 60 

Gemmifexous (from gemma, a bud, 

and^Sw, I carry) fonnadon of cells. . 34 
Globulin (from the diminutive of 
globus, a ball), a substance ex- 
isting in Uood-corpuscles 83 

Glosso-pharyngeal nenre* so named 
fhun supplying the tongue 

(j^^a) and pharynx 1x9 

Glottis (from glottis^ the mouth of 

the windpipe) 95 

Glycerin (from glycos, sweet) 52 

^yoogen (from glycos, sweet, and 

getmao, I produce) ...52 

Glycogenic function of liver. 103 

Gl3picose {boTa.glycos, sweet) 52 

Goblet cell in intestinal villus. 73 

Growth xoz 

Haversian canals of bone (named 
after Clopton Havers, a Dutch 
anatomist) 48 

Hearing, description of organ o^ 
Z30; range of 134 

Hear^ position and structure of, 
85; openings and valves of^ 86; 
influence of nervous system oi^ 
90; muscular structure o£ 86 

Heat, animal 136 

Hepatic (frcxn hej^ikos^ of the 
liver) vein» zoa; cells.. 103 

Herbivorous animals stomach in. . . 70 

Hermaphrodite (from Hermes^ 
Mercury, and A^krvdiiet^eava), 
a being in which the organs of 
generation appear to be a mix- 
ture <^ those of both sexes..*. . . . .136 

Hinge joints 32 

Hip joint, description of as 

Hippuric (from hippos, a horse, 
9XkA.ouron, urine) aci(l Z07 

Histogenetic (from kUtot^ a tissue 
and^MMo^, I produce), relating 
to the formation of tissues 30 

Histology (from kistos, a tissue, 
and l^os, a description), the 
minnte anatomy of the tissues..8, 39 

Histolytic (from histos, a tissue, 
and lysis, solution), relating to 
the disintegrarion of tissues. 30 
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Homogenesis (from homows, simi- 
lar, and genesis, generation) 136 

Humerus, the bone of the arm z6 

Hyaline (from hyalos, glass) car- 
tilage .46 

Hydrozoa (from hydor, water, and 
zocn, an animal) ixx 

Hypoglossal (from hyfo, under, 
and glossa, the tongue) nerve X19 

Ileum (from eilein, to turn or 
twist), a portion of intestine, so 
named from its forming a num- 
ber of convolutions. 73 

Illusions, optical 130 

Incus {incus, a foige)^ the ianvil 

bone of the ear X31 

Inhibitory action of nervous system 

on the heart 93 

Innominate (unnamed) bone. ....... x8 

Inorganic compotmds found in the 

body. 51 

Inosite (from is, inos, a muscle), 

musde-sugar 53 

Insalivation 63 

Insecta, nervous system in. zxa 

Inspiration 97 

Internal organs, diagram shewing. . . 28 

Intervertebral discs xo 

Intestinal juice, function of. 76 

Intestines, description of, 72 ; muc- 
ous membrane of, 73 ; descrip- 
tion of great, 73; function of 
great, 76 ; excretion by, xo8 ; 
functions of muscular coat of, 74 ; 
ganglia in, 74 ; action of fluids 

»n 74 

Involuntary muscle 4Z 

Iris (literally a rainbow) X35 

Irritability of muscle... 43 

Jejunum (from jejwists, hungry), 
so named by the ancients from 
this portion of the bowel being 
usually found empty. 7a 

Joints, general description of, 2z ; 
varieties of as 

Kidney, general description, X05; 
functions oC zo6 
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Lachrymal (from laerymat a tear) 

bones, 13 ; apparatus. 127 

Lacteals (from Utc^ milk, so named 
from the miDc-Iike appearance of 
the fluid found in them)> in 

villus, 73 ;^ function of. 69 

Lactose (from lac^ milk), sugar of 

milk 52 

Lacunae (from lacuSf a lake) of bone. 48 
Latent stimulation, explanation of. .44 
Larynx, in respiration, 95 ; as 

organ of voice 135 

Laughing 100 

Leeithen {from ■ lekitkos, yolk of 
egg)) a fatty -substance obtained 
from yolk of egg and from brain. .52 

Leuetn (fixmi- leueofy white) 52 

Leucocythxmia (from /!r«a;f, white, 
kytos^ a ceH, and haima^ blood — 
white cell-blood), a disease in 
which there is a great increase 
in the cok>ttrless cells of the blood . . 80 
Levers, varieties of, in die body.. 25, 26 
Lieberkfihnian glands, named after 
the celebrated anatomist, Lie- 

Dencfihna n^ 

Life, definition of. . . . .• 137 

Ligaments, a name given to fibrous 
structures which imite bones. ..... 21 

Ligamentum nuchse (ligament of 

the neck), structure of. 41 

Listet-'s movements of molecules. . . .31 
Liver, general description of, 102 ; 
circulation in, X02 ; minute anat- 
omy of, 102; functions of, 103; 

glycogenic function of. , 103 

Liocomotion....... :;: .•...•..; aS 

Locomotive apparatus 8 

Lumbar, belonging to the loins ix 

Lungs, in excretion, xos ; capacity 

of (see Respiration) gg 

Lymph, nature of. 80 

Lymphatic glands, function of, 80 ; 

structure of. 79 

Lymphatics, 80 ; function of. 78 

Malar (from tnakh belonging to 
the cheek) bone 13 

Malleus (a mallet), a small bone of ^ 
»^«ear 131 
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Malpighian bodies of Iddney, 
named after their discofverer — 

Malpighi 106 

Malpighian bodies of the qdeen Sx 

Manyplies (part of the sfomadi of 

a ruminant) .71 

Marrow of bone 47 

Mastication .....62 

Matrix (<rem tnaier^ motho--) of 

cartilage 46 

Maxillary- (from-MMur«2^a, a jaw) 

bones 13 

Mechanics, animal - as 

Medulla oblongata (the upper part 
of the spinal cord placed widiin 

the cranium) 1x4 

Medullary canal of b<Mie 47 

Mesentery (fronvjM«r«f,the middl«% 
and enteron, an intestine), the 
membrane which connects the 
small intestines with the pos- 
terior wall of -the abdomen. . ...39, 73 
Metacarpus (from meta, beycHuU 

zndt carpoSyX3cM wrist).... 17 

Metatarsus (from nuta, and iar- 
sMt the ankle), the bones form- 
ing the arch of the foot 19 

Migrating cells 34 

Mitral valve of the heart (so 
named from fancied resem- 
blance to a mitre) 86 

Molecular basis of chyle 77 

Molecular elements of the tissues. . ..39 
Molecule (diminutive of moles, a . 
mass), a minute particle of a 
mass or body, 29; movements 

of molecules 30 

Mollusca, nervous system in xxa 

Motor-oculi nerve xi8 

Mucotis membrane of stomach, 

changes, in, during digestion. 68 

Muscae volitantes, small bodies 
{musca, flies) floating before the 

eye6..%. X99 

Muscle, voluntary, general descrip- 
tion of, 23, 4x, 4a; mechanical 
arrangements of, 25 ; varieties 
of, as regards action, 24 ; chemi- 
cal composition of, 43 ; stimula- 
tion of, 43 ; work done by, 44 ; 
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PAGE 

contractility of, 44 ; fatigue of, 
44 ; tetanus of, 44 ; thermic 
phenomena of, 45 ; electxical 

phenomena of 45 

Muscle plasma 43 

Muscle serum 43 

Muscular, sense . > 134 

Musical sounds, perception of X34 

Myopia (from, wyo, to. close,, and 

<7/«, the eye), short-sight 129 

Myosin (from fnyim^ a muscle), an 
albuminous substance found in 
nuisde^^... 43, 51 

Nasal bones 13 

Negative, variation of muscle cur- 
rent 45 

Nerve cells xio 

Nerve. current, rapidity of zxz 

Nerves, structure of, 109; func- 
tions of^ zio, XZ7 ; issuing from 
the brain, xif ; influence of, on 

secretion 65 

Nervous system, general descrip- 
tion of, . 108. ; influence of, on 
zesfnration, 99 ; development of, 

in the animal kingdom zzx 

Neurilemma (from ftemron, a 
nerve, and lemma, a coat), the 
delicate fibrous sheath of a 

nerve X09 

Neuroglia (from neuron, a nerve, 
and. ^&i^ . glue or cement), the 
delicate connective tissue found 

in the nerve centres zzo 

Nucleolus, diminutive of nucleus... 3X 

Nucleus (a kernel) 3z 

Nutrition, general sketch of, 56; 
conditions of healthy zoo 

Obesity (from. eibes%ts, corpulent), 
an excessive development of fat 
in the body ..39 

Occipital (frx>m occiputy the back 
of the head), belonging to the 
back of the head Z3 

Odontoid {pdonto, a tooth, and 
eidae, shape), the name of a 
process of the axis xz 

Olein iJkatCL oieum, oil) 52 
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Olfactory bulbs 122 

Olfactory nexve, , , xx8 

Omasum, the third stomach of 
ruminant animals 71 

Omentum, the caul, a fold of the 
liniAg w^mbrane of the abdom- 
inal cavity 39 

Ophthalmonleter (from opkthal- 
ntost the eye, and melron, a 
measure) . ,. xs8 

Ophthalmoscope (from ophtheU- 
inos, and skopeo, I see) X26 

Optic nerve zz8 

Optic thalami [thalamoSf a bed or 
region from which a nerve may 
be held to originate) zx6 

Organic compounds found in the 
body 5x 

Orthognathous (from orthos, 
straight, upright, and gnathoSy 
a jaw), a form of skull .,x4 

Os calcis, the heel-bone 19 

Os coxae (from os, bone, and coxa, 
hip), z8 

Os magnum, the largest bone of 
the wrist Z7 

Oxidations in the body 53 

Palate (the upper part of the cavity 
of the mouth) bone, Z3 ; in 

d^lutition 65 

Palmitin, a kind of fat 52 

Pancreas, description of 75 

Pancreatic juice, function of 75 

Pancreatine the active principle of 

the pancreatic juice 75 

Papillae of the tongue Z22 

Parenchyma (a Greek word, any- 
thing poured in beside^, meaning 
the tissues outside the blood- 
vessels, and derived from the 

blood ^ 8x 

Parietal (from paries^ a Mrall), 

bounding or inclosing Z3 

Parotid gland 63 

Parthenogenesis (from partkenos^ 
a virgin, and genesis, genera- 

Jkion) Z36 

j^tella, the knee-pan 19 

Pathetic nerve • xi8 
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Supes, the t6xnip-Aaped bone in 

thetympamimof theear 131 

Starch, animal 5^ 

Stearin (from stear, fat) 52 

Sternum, the breast-bone 15 

Stimuli of muscle 44 

Stomach, absorption in, 69 ; diges- 
tion in, 67 : anatomical descrip- 
tion of, 67 ; mucous membrane 
of, 63; action on food in, 68; 

fonn of, in various animals 70 

Striae of muscle 4^ 

Striated musde 4^ 

Sub-lingual glands^ 63 

SulMnaxiilary gland 63 

Sudoripajous (from sud^fr^ sweat, 

andi^^i I produce) glands. . . . 104 
Supination (from supinus, lying 
on the bade), description ofl . ..x6, 24 

Supplemental air of lungs 99 

Supra-renal capsules (bodies placed 

above the kidneys) 79 

Suture (from suere, to stitch), a 
kind of immovable articulation, 
in which the bones unite by 
means of seriated edges which 
are dovetailed into each other. ... 13 

Sweat, characters of X04 

Sympathetic nerve filaments, X09 ; 
functions of, 120; influence of, 

on the heart 92 

Symphysis (from sympkuo^ I grow 
together), a union of bones, such 

as the symphysis pubes A . .. z8 

Synarthrosis (from syn^ connec- 
tion, and arthrosis^ a being 
joined together), an immovable 

articulation ax 

Syncope (from synko^e, a cutting 

short, or swoon) 138 

Synovia (of doubtful derivation), 
a fluid resembling white of egg, 

found in many joints ax 

Synovial membrane, a membrane 

secreting synovia ax 

Syntheses. (from synthesis, a put- 
ting together) in the body 54 

Systole (from systoief a contrac- 
tion), the contraction of the 
walls of a cavity of the heart 91 
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Tarsus, die anUe 19 

Taste xax 

Tanzin (lirom taunts, a bull), so 
named because first fioond in ox- 
bile 53 

Teeth 63 

Ten^ieratuxe of body 136 

Temporal (relating to die temples) 

bone 13 

Temporary cartilage 46 

Tendon, structure of 40 

Tetanus (from ttitio, I stretch) 44 

Thotadcduct 78 

Thorax (from tAorax, sl cuirass, 

or coat of mail)b the chest 15 

Thymus 79 

Thyroid 79 

Tibia, one of the bones of the le& 
so named from its resemblance 

to an ancient flute or pipe 19 

Tidal air of lungs -•••99 

Tissues^ nourishment of the, xoo ; 

influence of, on circulation. 90 

Tongue, nerves of^ 63 ; papillae of^ 

Z23 ; function of, in digestion 6e 

Tooth, microscropic structure of 63 

Tortoise, brain of. 1x3 

Tonila cerevisiae, the common 

yeast plant 35 

Touch, function of, as connected 

with skin xo5, X2X 

Touch-bodies xai 

Trabecule (diminutive of trades, 
a beam), small beams or rods. . . . .8z 

Trachea 135 

Traperium, one of the bones of 
the wrist (so called from its 

geometrical form) 17 

Trapezoid, one of the bones of the 
wrist (so called from its geo- 
metrical form). 17 

Tricuspid , (three-cuspid) valve |of 

the heart 86, 88 

Trigeminal nerve, so named be- 
cause it divides into three portions, z z8 
Trochanters (from trockao, I run 
or roll), two processes at the 

upper end of the femur Z9 

Trochlear (from trochlea, a pulley) 
nerve. zz8 
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Tubercle (the diminutive of tubtr, 

a protuberance) 15 

Tubular elements of the tissues 45 

Tubuli tiriniferi xo6 

Turbinated (from turbo, a top), 
thin bony plates rolled up in the 
form of scrolls, and found in the 
nasal fossa, 13 ; connection with 

organ of smell xaa 

Tympanum (a drum) 130 

Tyrosin (from tyros, cheese), a 
substance found in bile and other 
excretions, but first obtained 
from cheese 52 

Ulna, one of the bones of the fore- 
arm x6 

Unciform (from uncus, a hook, and 
forma, shape), one of the bones 

of the wrist 17 

Urea 52, 103, 106, 107 

Ureta (from oureter, from oureo, to 

make water). 105 

Uric acid 52, xo6, Z07 

Urine 107 

Vagus nerve (from vagus, a 
wanderer), the pneumogastric 
nerve, so named from its wide 
distribution to many parts. 1x9 

Valvuls conniventes (self-closing 
valves) 72 

Veins, fimction of, in circulation ... .90 
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Ventilation 99 

Ventricle (finom ventriculu/, the 
diminutive of venter, the belly] 

of the heart. 85 

Vertebrae (from vertere, to turn), 
the name given to the bones 
forming the spinal column, x8; 

characters peculiar to xi 

Vertebrata, nervous system in xxa 

Vestibule of the ear. X32 

Villus (from villus, a tuft of hair). . .73 
Vision, 123 ; defects of, 128 ; mech- 
anism of, X27 ; subjective pheno- 
mena of. Z29 

Vital phenomena 137 

Vitreous (from vitrum, glass) 

humour. 126 

Voice. X35 

Voluntary muscle 42 

Vomer (Lat, a ploughshare) 13 

Walking ^ 

Water, in constitution of body, 

5x ; in diet 58 

Whispering X36 

White fibrous tissue. 40 

Work, relation of food to 60 

Xanthin (from xanthos, yellow). . . X07 

Yawning. xoo 

Yellow elastic tissue 4X 

Yellow spot on retina. 126 
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EDUCATIONAL COURSE— continued. 



ARITHMETIC AND MATHEMATICS. 



Tables of the Metrlo System, 

on large Wall Sheet. Sue 3 ft. IXii 
in. long hj 2 ft. 5^ in. broad. As a 
sheet, 8d. ; moanted on plain rollers, 
Ss. ; mounted and varnislied 5 

Arithmetical Exercises for 

all classes of Schools. B7 Johv S. 
Macsat, M.A. 

Fart 1. The Simple BvIm 

S. Compoiind Boles (Money) 

8. Oomponnd Rules (Weights and 

Measures) *....0 

4. Practice, Bills of Parcels, with 

Tables of the Metric System. . .0 
B. Proportion, and Vulgar and Deci- 
mal Fractions, with Metric 
System 

Arithmetical Exercises — the 

aboTe in One Volame, limp 1 

Answers to Arith. Exercises.. .0 
Introduction to Arithmetic . . . .1 
Arithmetic : Theoretical and 

Practical 2 

Key to Arithmetic 2 

Standard Test Cards. Six 

Packets .' . . .each 

Middle Class, do. do. n 
Book-Keeping, by Single and 

Double Entry 1 

Book-Keeping by Single Entry.i 
Book-Keeping. Transactions 
of John Adams and Hamilton and 
Boyd may be had separately 

Farm Book-Keeping 

Book-Keeping. Set of Ruled 
Foolscap Paper Books, adapted to 
. Single Entry, 2 Books, paper ooTers..l 
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6 
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6 




6 
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Book-Keeping. Set of Ruled 

Foolscap Paper Books, adapted to 
Double Entry, 3 books, paper coYers . . 1 S 

Questions in Book-Keeping . . . . l 6 

Algebra: Theoretical & Prac- 
tical ." 2 6 

Key to Algebra 2 6 

Exercises and Problems in 

Algebra. Without Answers 1 

Exercises and Problems in 

Algebra. WithAntwers 2 

Standard Algebra, Part 1 

II 

ni 



II 



II 



Or in One Vol 1 

Answers to the Above 

Plane Geometry 1 

Key to Plane Geometry .2 

Explicit Euclid. 2 

, Books I. and n. . ..0 

y Books III. andiy..O 

Key to Explicit Euclid 2 

Solid and Spherical Geometry 

and Conic Sections i 

Practical Mathematics 3 

Key to Mathematics 3 

Mathematical Tables 3 

Mensuration* by Dayid Hdhv 1 

Exercises, with 

Solutions, being Key to the abore. . . .2 

Geometrical Chart, with 
Coloured Diagrams. In a Sheet 3 
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3 
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4 
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6 
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6 
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SCIE 

s, d. 

Rudiments of Knowledge. ...... 8 

Introduction to the Sci ences. . . 1 

Matter and Motion 10 

Mechanics. 1 

Hydrostatics and Pneiunatics. .0 10 

Acoustics 1 

Optics 1 

Astronomy ..1 

Electricity. By Ds Fxrouson ...... 3 6 

Meteorology. „ 1 



NCE. 

ff. d. 

Natural Philosophy. VoLI s 

Natural Philosophy. V0LII....8 
Zoology 2 6 

Science Manuals- 
Astronomy 10 

• Chemistry 1 

Geology 1 

Languapre 10 

Kagnetism and Electricity 1 

Mythology 1 

Soientiflo Charts, s Sheeu^ each 1 6 




im,** 




EDUCATIONAL OOUBSS-eonttatied. 



SCIENCE-continued. 



a. d, 

AJilmal Physiology. i 6 

Standard Animal Physiology 

Jartl 2 

I. n : ot6 

OrinOneYol 9 



Vegetable Physiology. 

Political Economy. 

Inorganic Chemistry 

Practical Chemistry. 

Miscellaneous Questions, with 



Answers. 



LATIN. 



a. d. 

Ruddiman's Latin Budiments, o lo 

Latin GrammEU*, Elementary 2 

■ ■ , Advanced 4 



Latin EzerciseSi Eiementarj i 6 

, Advanced 2 6 

Advanced Latin Exercises, 

Eeyto 2 

PhsBdrus's Fables i 6 

Nepos 2 

CsBsar 2 6 

Sallust 1 6 



Quintos Gurtius 

Ovid 

Horace 

Virgil— Bucolics, JEneid, Bks. I. to YI. 

Virgil's .ffineid— Book vil 

Book IX. 



Hvy 

Latin Dictionary— 
Latin and English, bound 
Latin-English Part, m 
English-Latin Fart, m 



GERMAN. 



a. d. 



First German Beading-Book., i 
Second » it .... 2 

German Grammar, Elementary., i 

■ ■ , Advanced. ... 3 

German Synonyms i 



German Phrase-Book . . . 

German Dictionary— 
German and English, bound 
German-English Part, » 
English-German Fart, h 



MINOR EDUCATIONAL COURSE. 



a. d. 



No. 1. Introduction to Beading..o i| 

2. Beading Lessons o i\ 

3. Arithmetical Primer o i\ 

Answers to Arithmetical Primer, Id. 
The aboTO Treatises (-without Axuq^N^ One Voluneb Pziot One Bhil 



No. 4. Grammatical Primer ( 

6. Outlines of Geography... c 
6. History ( 




